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Abstract 
Characterizing adaptive capacity to climate change in developing 
countries: a case study on Peru 
 
By Rosa Mitsumasu Heredia 
 
 
Climate change is expected to impact biodiversity, global temperatures and the water 
cycle resulting in changes that affect communities in the social system.  The capacity to 
adapt to such climatic fluctuations will vary across social groups, depending on the 
group’s socio-economic and demographic characteristics.  This thesis constructs a 
methodology that bridges existing approaches to study adaptation, providing an 
alternative that includes high level deterministic approaches to quantify adaptive capacity 
(AC) and case-by-case strategies to enhance region-specific AC.  The proposed 
methodology consists of an exploratory model and a principal component analysis.  The 
goal of the methodology is to create a sub-national level AC characterization to prioritize 
domestic policy within a country and to understand the most important factors affecting a 
region’s AC.  In addition, the methodology incorporates an important challenge of 
developing countries: collection, processing, and use of information.  To illustrate the 
methodology, a case study focused on three regions of Peru: Ayacucho, Loreto and Piura.  
The results of the methodology show that Ayacucho, a region facing low temperatures 
and glacier retreat, has the lowest AC and thus has priority in the AC strengthening 
process.  The main factors affecting Ayacucho’s AC include infrastructure, poverty and 
low economic capacity.  Loreto, with changes in biodiversity and ambient temperatures, 
has the second highest AC to climate change as a result of a diverse population and low 
literacy levels.  To increase Loreto’s AC more transcultural education and family 
planning might be required.  Finally, Piura has the highest AC due to its high economic 
capacity, but this is affected by the region’s social inequality.  Minimizing poverty is a 
critical measure to support and increase AC of this region, which faces increased 
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1. Introduction 
In the last few years, climate-related catastrophes across the world illustrated the importance of a 
nation’s capacity to act and react when facing disaster.  The impacts from the earthquake in Haiti 
and flooding in Pakistan, both in 2010, were significantly different from those in the 2005 
hurricane Katrina, in the United States.   Hurricane Katrina, the costliest natural disaster, as well 
as one of the five deadliest hurricanes in the history of the United States, resulted in 
approximately US$ 81 billion in property damage, 33,500 displaced people and 1,836 lost lives 
[1].  Still, with adequate financial and planning capabilities, the federal and local government 
was able to react and assist the population, providing temporary housing and relocation, 
performing risk analysis, and reconstructing the infrastructure of the region.    On the other hand, 
disasters occurred in Haiti and Pakistan resulted in a total of 310,000 deaths, and 5.5 million 
people affected by the catastrophes [2, 3].  Unlike the United States, these nations lack the 
necessary infrastructure and resources to respond as quickly, relying mainly on international aid.  
In addition, the countries’ deficient access to basic sanitation services, poor infrastructure, and 
high levels of poverty, resulted in the breakout of fatal diseases such as cholera and 
gastroenteritis [4, 5]. 
Climate change is expected to increase the frequency of natural disasters, such as hurricanes, 
precipitation and flooding [6].  Understanding a nation’s capacity to react when facing 
catastrophes is a short-term part of the long-term solution to climate variability, which consists 
of adapting to more unforeseen changes in climate.  Natural disasters are not the only impacts 
resulting from climate change.  A shift in sea and ambient temperatures has resulted in 
biodiversity and water cycle problems affecting socio-economic activities such as agriculture and 
accessibility to water for human consumption from rapid glacier retreat [6, 7].  Adapting to these 
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climate variability effects is a critical strategy for societies to successfully cope, and possibly 
even take advantage, of the irreversible changes in climate [6, 8].   
Climate adaptation is made up of actions throughout society and can be manifested in myriad 
ways, through market exchanges, extension of social networks, or through actions of individuals 
and organizations to meet their own individual or collective goals [9].  Currently, international 
groups and organizations like the United Nations Framework Convention on Climate Change 
(UNFCCC) and the Intergovernmental Panel of Climate Change (IPCC) [8, 10, 11] are 
addressing the challenges of adaptation for different countries and regions.  These organizations 
provide support to generate knowledge on the different factors that build or weaken adaptation to 
climate change, including socio-economic, political and even psychological elements of human 
systems.  Methodologies and case studies are being developed and implemented to examine the 
challenges of different countries, localities and economic activities for those systems with greater 
vulnerability to climate variability1.   
For a nation to determine its adaptive capacity (AC) to climate change effects, it must have 
information regarding its population, which is frequently incomplete. In many developing 
countries, the process of collecting, using and analyzing information for policy making is not 
extensive due to the resources required in the process.  Therefore, this thesis develops a 
methodology to characterize sub-national levels of AC for domestic policy making on climate 
adaptation, while considering the informational challenges of developing countries.  More 
specifically, the model characterizes AC with the use of existing available socio-economic and 
                                                 
1 Climate vulnerability is defined as “[the] degree to which a system is susceptible to, or unable to cope with, 
adverse effects of climate change, including climate variability and extremes.  Vulnerability is a function of the 
character, magnitude and rate of climate variation to which a system’s exposure, sensitivity and AC”  
[12] J. McCarthy, Climate change 2001: impacts, adaptation, and vulnerability: contribution of Working Group 
II to the third assessment report of the Intergovernmental Panel on Climate Change: Cambridge Univ Pr, 2001. 
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demographic population data, minimizing the effort to collect additional information.  The output 
of the methodology is expected to allow more effective capacity building for adaptation 
purposes; prioritizing aid and allocating adequate resources were most needed. 
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2. Literature review 
Prior to discussing the methodology, the existing adaptation and AC literature is reviewed. The 
literature shows a bifurcation – The first half takes a theoretical, almost philosophical approach 
to the concepts of AC, contextualizing them in terms of development and sustainability.    The 
second half of the literature consists of systematic characterizations of AC, and can also be 
divided in two approaches: a system’s natural ability to adapt to climate change and the role and 
capability of institutional organizations to enhance the system’s AC.  These two approaches will 
be summarized in the following sections. 
2.1 Theoretical approach 
Adaptation and AC have taken an important role in the developing world because of the 
prevalent social stresses of these nations, such as deficient disease control, population increase 
and lack of basic services, which are expected to exacerbate climate change impacts [13, 14].  
Thus, much of the theoretical literature is contextualized in commonly discussed topics among 
developing nations, including resilience, sustainable development, equity, human security and 
governance. 
2.1.1 Resilience and Sustainable Development  
The literature notes the natural relationship between adaptation, resilience and sustainable 
development [9, 15-19].  Resilience was originally defined as a measure of the persistence of 
systems and their ability to absorb change and disturbance while still maintaining the same 
relationships between populations or state variables [20].  In the context of sustainable 
development, the concept of resilience has been defined as the ability of groups or communities 
to cope with external stresses and disturbances as a result of social, political, and environmental 
change [8].  Similarly, adaptation is thought of as a process that involves spurts of growth with 
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periods of consolidation, refocusing and redirection [9].  The IPCC notes that “[The 
enhancement] of AC involves similar requirements, [such as the] promotion of sustainable 
development, including: improved access to resources; reduction of poverty; lowering of 
inequities in resources and wealth among groups; improved education and information; 
improved infrastructure, diminished intergenerational inequities; respect for accumulated local 
experience; moderate long-standing structural inequities, assurance that responses are 
comprehensive and integrative; active participation by concerned parties,; and improved 
institutional capacity and efficiency” [8]. 
2.1.2 Equity and Human Security 
Equity and human security are concepts closely related to adaptation, especially in developing 
countries [21]. According to Adger [22],  poverty is an important aspect of vulnerability to 
climate change because of its direct association with access to resources, and adaptive and 
coping capacity to extreme climate events.  Similarly, O’Brien and Leichenko [23] discuss 
adaptation in the context of human security and equity.   According to these authors, equity is not 
only related to the distribution of attributes or outcomes, but it is also influenced by the 
availability and access to opportunities and the realization of human potential.  Thus, inequity 
may be enhanced in the allocation of funding for adaptation (the distribution of the benefits and 
the negative consequences of any adaptive responses), which is a result of the perspective of 
procedural justice, issues of interest, influence and participation in the adaptation process (many 
time unevenly distributed across the population).  For instance, a particular geographical area 
might have greater access to adaptation funding than other regions with greater exposure to 
climate change effects, as a result of having greater representation in the decision and policy 
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making process.  This could be driven by stronger socio-political power or economic support 
from industrial groups through lobbying measures. 
O’Brien and Leichenko note the direct relationship with equity and human security, arguing that 
people only achieve the latter when and where individuals and communities have the options 
necessary to end, mitigate, or adapt to threats to their human, environmental and social rights, 
which will be achieved only if there is an evenly distributed implementation of adaptation 
measures (ibid.).    
With a more comprehensive view of equity, O’Brien et al. [24] argue that inequities related to 
climate change impacts are not exclusive to developing countries.  The authors note that there are 
other factors besides GDP, technological development and education that affect equity.  For 
instance, a less-diverse economy can be significantly detrimental to adaptation, especially if the 
dominant economic activity is already strained by climate stimuli (e.g., a monotonic type of 
agriculture that is exposed to extreme weather conditions such as drought or increased 
precipitation).  
2.1.3 Government and governance  
Implementing climate change adaptation strategies require a good understanding of the different 
stakeholders involved and their role in the process.   According to Adger et al. [25], adapting to 
climate change involves cascading decisions across a landscape made up of agents (e.g., 
individuals, firms and civil society, to public bodies and governments at local, regional and 
national scales, and international agencies), which result in conflicting interests across 
stakeholders.   For instance, adaptation measures determined by the government can conflict 
with the goals of private and public entities (e.g., decreasing water supply due to potential 
drought might affect the short-term productivity of certain farming groups).  Adger et al. [25] 
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argue that maintaining the sustainability in adaptation depends on the heterogeneity of AC across 
stakeholders, which can be a difficult goal in developing nations where there is greater inequity 
in opportunities, representation and access to resources. 
According to Paul-Wostl [26], AC is defined as a function of governance ability to respond to 
climate variability challenges, which depends on the diversity of the government. More 
specifically, Paul-Wostl argues that a to capture the complexity of a system for AC 
characterization, governments should receive information from different groups including formal 
as well as informal institutions (socially shared and cultural norms that are not codified or 
written down) and implement multi-level governance (i.e. dispersion of authority away from the 
central state).   According to Haddad [27], having a clear notion of socio-political goals allows 
nations to assess their AC based on their governmental philosophy. For instance, resource 
allocation strategies for AC building could be based on utilitarian approaches, which invoke 
welfare invoke policies that would maximize utilities (in terms of risk), or by maximin 
perspectives, which consist of the maximization of greatest expected benefit for the least 
advantaged members of society. 
Eakin and Lemos [28] relate adaptation to economic tendencies and state that globalization and 
rapid economic liberalism in developing nations has resulted in the minimization of their AC.  
More specifically, Eakin and Lemos state that governmental decentralization, a major result of 
globalization coupled with international agency intervention, consists of the devolution of power 
to more local oriented groups but is often not parallel to the allocation of resources.  This results 
in little human and financial assets for local governments and consequentially limiting local 
capacity building for adaptation (ibid.). 
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2.2 Practical Approach - Modeling AC  
As opposed to the theoretical framework, other efforts have been placed on developing tools to 
characterize AC.  Fig. 1 illustrates the structure of this characterization with two different 
focuses.  The first focus aims to characterize societal AC using geographical boundaries (e.g., 
regional, national, sub-national) and economic activities (e.g., agriculture). The second aims to 
determine roles and capabilities of the government in a system’s AC, based on socio-economic 
and socio-cognitive determinants. 
 
Fig. 1 – Structure and distribution of the 
AC literature 
2.2.1 Characterizing AC 
AC characterization consists of the development of frameworks, indexes and determinants to 
assess the AC of a system, which can represent a region, nation or even economic activity [29-
37].   These efforts can be implemented by two different methodologies: deductive or inductive, 
each of which is described below.    
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Deductive Approach 
Deductive research proposes relationships derived from theory or conceptual framework to 
select indicators on climate change vulnerability, adaptation and AC.  The first step in a 
deductive or theory-based approach consists of understanding a particular phenomenon and the 
main processes involved. The second step identifies the relationship between the phenomenon 
and the identified processes.  Finally, the third step determines the best possible indicators for 
these processes, and consequently, of the studied phenomenon.  This deterministic approach is 
used by the IPCC [8]  to identify six AC indicator categories: economic resources, technology, 
information and skills, infrastructure, institutions and equity.   These categories are chosen based 
on an expert understanding of the conditions that influence the adaptability of societies to 
climate stimuli in the fields of hazards, resource management and sustainable development.   
Adger [22] takes a deductive approach to illustrate the direct and indirect links between socio-
economic factors and vulnerability to climate change (Fig. 2) using a case study in Vietnam. 
Adger concludes that it is not poverty that increases the impact of external shocks but instead it 
is the increase in income of a specific community that restricts the remaining proportion of the 
population from accessing resources that buffer extreme environmental changes.  As a result 
inequality, and not poverty, is the key indicator resulting from the assessment. 
Cutter et al. [36] evaluated social determinants that would enhance or minimize vulnerability to 
environmental hazards in the U.S.  The authors used existing socio-economic and demographic 
data and factor analysis methods to establish the determinants including ethnicity, family 
structure, and age.   Similarly, efforts by Brooks [35], Adger et al. [30], and Brooks et al. [37] 
developed a national level conceptual framework to establish a system’ vulnerability and AC 
based on prior work on social vulnerability.   
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Fig. 2 - Direct and indirect links 
between inequality and vulnerability. 
Adapted from Adger et al. [22] 
 
Moss et al. [32] developed a model to index climate change vulnerability at the national level by 
the year 2095.  The model incorporated AC and sensitivity indicators. The results yielded scores 
for both current and potential future conditions for 38 countries, of which 16 were determined to 
be more vulnerable than the rest of the world. Vincent [29] created an index to assess relative 
levels of social vulnerability to climate-induced variations in water availability across African 
countries.    This aggregate index of social vulnerability was calculated as a weighted average of 
five composite sub-indices: economic well-being and stability (20%), demographic structure 
(20%), institutional stability and strength of public infrastructure (40%), global interconnectivity 
(10%) and dependence on natural resources (10%).   The author notes the subjectivity that is 
incorporated by using the deductive approach, for both the weighting and indicator selection, 
and states that this element can be addressed by ensuring that all decisions are grounded in 
literature and made fully transparent: “Making such choices is an inherently subjective process, 
and therefore it is important to outline the theoretical arguments for inclusion and assumptions 
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relating to their functional relationship with vulnerability (i.e. whether it is a direct or inverse 
relationship)” [29].   
In a recent publication, Hinkel [38] noted that indicators have the tendency to minimize 
complexity, and thus the use of AC indicators are only appropriate when a system boundary can 
be narrowly defined, mainly at local scales.  Along those lines, work focused in sub-national 
level and economic sector-specific analysis of AC was recently published.  Agriculture takes 
significant attention due to the socio-economic implications of climate variability on this 
activity.  Morton [14] focused on small scale agriculture and developed a conceptual framework 
to assess this particularly vulnerable group.  Similarly, Nelson et al. [39, 40] modeled the climate 
vulnerability of Australian rural communities, including AC as well as the sensitivity and 
exposure to climate stimuli.  Simoes et al. [41] focused on small-scale farmers in Brazil’s semi-
arid region and characterized the system’s vulnerability to the climate stimuli and the practical 
ways to enhance the farmers’ AC by implementing innovative techniques such as irrigation 
systems and planning strategies. 
Inductive Approach 
Unlike the theory-based approach in deductive methods, inductive research uses empirical 
information to find generalizable data patterns [30].  Yohe and Tol [42] take this approach to 
determine a direct relationship between a discrete number of determinants and the number of 
people affected (killed or harmed) and damage done by natural disasters.  The authors evaluated 
the correlation of these determinants to specific locations and thus generate a more suitable 
framework for the system under study.   In a later study, Tol and Yohe [43] evaluated a 
previously developed indexing method [42] by analyzing AC determinants.  The authors 
evaluate the capabilities of the system’s weakest link (e.g., significant poverty) either by 
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balancing with another really strong determinant (e.g., good economic development) or 
compensating with similar, stronger determinants (e.g., nutrition). With this work, the authors 
show dynamics between AC determinants and conclude that there is no such thing as a general 
valuation for all AC stressors.  Rather, the factors from which systems draw to create AC are 
different for different risks, invoking elements for the specific determinants used.  
Posey [44] tests the relationship between individual socio-economic status and capacity to take 
collective action in response to environmental impacts at the municipal level.  The socio-
economic indicators included population, poverty rates, per capita income, educational 
attainment, race and ethnicity, home ownership rates, occupancy rates, home values and median 
rents.  The analysis showed that there was a high correlation between all variables, and that the 
capacity to manage and react to flooding is highly correlated to individual socio-economic 
characteristics in a community.  Posey also identifies the importance of social capacity elements, 
such as community networks and memberships, which were not captured by his current model.   
2.2.2 Governance  
In addition to general AC characterization, some recent work has focused on the role and 
capabilities of governmental institutions in the assessment and enhancement of a system’s AC.  
Engle and Lemos [45] developed an index to assess the capacity of governance mechanisms to 
manage Brazilian water systems that are affected by climate variability.  The authors build 
relationships between governance and AC, assuming that a more flexible, democratic and 
participatory government increases AC.  Nine indicators were included in the index:  
representation, participation, knowledge and information use, equality and decision making and 
knowledge availability, flexibility, commitment, networks, experience and resources.  Specific 
relationships between these indicators and the AC of the region were developed using data 
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obtained from surveys of government members.  After evaluating and indexing 18 river basins, 
the model showed that stronger governance mechanisms and higher levels of participation and 
representation are associated with higher AC. 
Gupta et al. [46] developed a “wheel” framework to assess the inherent characteristics of 
institutions to enable the AC of society, specifically the institution’s ability to empower social 
actors to respond to climate stimuli.  The wheel has six dimensions and uses colors to rank and 
identify the positive or negative results of the assessed governmental system. The framework is 
used to help improve the role of institutions in the process of enhancing societal AC by 
redesigning the organization and its structure. 
The literature shows that perception plays a particular role when characterizing AC.  For 
example, the existence of particular institutions (e.g., the media) can play a role in amplifying or 
attenuating the associated risks of vulnerability to natural hazards [47]. Within the hazards 
literature, there have been some studies on how people behave under conditions of uncertainty 
and the possibility to underestimate the likelihood of the hazard affecting them [48, 49].  
Grothmann and Patt [50] note that previous studies evaluate AC based on socio-economic 
determinants and resources without taking in consideration socio-cognitive factors. Thus, the 
authors developed a socio-cognitive Model of Private Proactive Adaptation to Climate Change 
(MPPACC) to incorporate the psychological factors of perception to risk and AC when taking 
action to climate stimuli.   Frank et al. [51] added social identity to MPPACC by determining 
how social groups view scientific or technical experts as a climate authority to properly channel 
adaptation messages.  To do this, Frank et al. observed how media, cooperatives, technical 
experts and other authorities influenced the adaptation process for coffee farmers in the sector of 
Chiapas, Mexico.  This study showed that while these farmers received climate information from 
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a variety of different sources, they ultimately followed media (e.g., radio and television) 
guidance to make climate-related decisions for their crops.    
Eakin et al. [52] affirm that the discrepancy on perceived flood risks between different 
governmental agency results in decreased AC for a system.   For example, increased bridging 
among government levels improved the overall AC within peri-urban areas in Mexico, because a 
clearer, more uniform understanding of flood risk was shared across agencies and resulted in 
more fair allocation of financial and human resources. 
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3. Improving AC methodology for Domestic Policy 
The adaptation and AC literature shows an increasing number of publications, including efforts 
to conceptualize adaptation and modeling initiatives to characterize AC.  Despite the growth and 
richness of the literature, significant knowledge gaps have been identified.  The literature shows 
significant effort to generate one size fits all indices and determinants [29, 30, 32, 35, 36, 53] to 
characterize vulnerability to climate change, adaptation and AC.  At the same time, there is an 
increasing body of literature that criticizes vulnerability indicators as not being scientifically 
sound or policy relevant [38, 54, 55] due to large aggregation and uncertainty.  The critics 
suggest smaller scale approach and a better understanding of the causes of vulnerability, in this 
case the impacts of climatic change.  One-sized-fits-all efforts are contrasted by case-by-case 
studies of specific locations and economic activities [14, 39-41, 51, 56], showing little to no 
bridge among methodologies where determinants can be used for more than one location, while 
still incorporating the particularities of each locality.   
The literature also falls short when incorporating the particularities of distinct social groups 
when using existing AC methods.  Adaptation strategies are not isolated from other decisions, 
but occur in the context of demographic, cultural and economic change [57].  There is little 
discussion on the importance of customization and indicator valuation based on existing social, 
political and economic factors.  A good example of valuation is provided by Vincent [29, 58].  In 
her work, the author notes the importance of weighting when generating a vulnerability index 
since the effect of a socio-economic determinant on AC (e.g., socio-economic, education, health) 
varies across regions, countries and even lower level social systems.  Thus, the weighting of the 
different AC factors in Vincent’s assessment of African nations is determined based on socio-
economic studies of the regions (ibid.). 
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Finally, the information technology literature has identified the critical role of information 
management systems (IMS) in a country’s economic, social and even political development [59].  
On the other hand, failures of implementing successful IMS in developing countries can result 
from a lack of existing resources, inadequate methodologies and poor design of the IMS itself 
[60-62].  It must be assumed that perfect or ideal access to such data is unrealistic, since many 
countries, especially developing nations, lack solid statistical institutions to support such 
requirements.  
With such limitations, there is a need to develop a methodology for AC that bridges top-down 
and bottom-up approaches focusing on domestic policy while incorporating the informational 
challenges in developing nations.  This thesis details such a methodology, which focuses on 
developing countries and uses existing relationships between socio-economic determinants and 
AC, while incorporating realities of the decision-making process of the developing nations and 
valuation (i.e. weighting) of AC factors. 
3.1 Goal and scale   
The goal of this AC Methodology is to analyze existing regional characteristics and use this 
information for domestic and regional policy-making in developing countries.  To meet this goal, 
the AC Methodology has two specific priorities.  First, it ranks a nation’s regional AC to help 
prioritize the aid to those localities with lesser capacity for climate change adaptation; and 
second, it provides comprehensive regional socio-economic information for the building and 
strengthening of regional AC.   
Establishing the time and spatial scale of the system boundary of study is critical in AC 
assessment, particularly to manage uncertainty associated with future AC predictions [58].  
Dessai & Hulme [63] categorize time scale based on the desired approach:  addressing adaptation 
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and AC from a social perspective (i.e. using socio-economic and demographic indicators) 
requires the use of past and present information, while assessing adaptation with a biophysical, 
climatic perspective requires estimating future climate patterns with mid to long-term future 
















Fig. 3 – Biophysical (top-down) 
and social (bottom-up) 
vulnerability approaches used to 
inform climate adaptation policy. 
Adapted from Dessai and Hulme 
[63].  
The AC Methodology developed here uses a time-scale based on recent past data (i.e. last ten 
years), although this is subject to data availability.  For instance, where data are scarce, data as 
old as 30 years may be used (Refer to section 4.1.2).    Geographically speaking, the analysis is 
performed at the regional level to allow considerations of regional socio-economic and 
demographic diversity.    
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4. Methodology 
As noted in section 3, the AC Methodology developed here aims to prioritize AC enhancement 
and guide effective allocations of resources for AC decision-making.   To do this, the AC 
Methodology was built with two sections: the Exploratory AC Model and the principal 
components analysis (PCA), each of which will be described in greater detail below.   
The Exploratory AC Model follows the deductive approach, which uses the existing knowledge 
to generate socio-economic and demographic indicators for AC characterization.  This first half 
of the methodology has a well-known, almost conservative approach.  It is based on existing 
literature on the use of determinants in social vulnerability, environmental hazard and climate 
adaptation studies, including assessments at the national [32, 36, 37, 53, 64], regional [29, 30] 
and economic activity levels [14, 40, 41].  The Exploratory AC Model generates a sub-national 
index, which reflects relative AC across the regions within a country, allowing the decision-
maker to prioritize aid for those regions requiring the most help and to identify particular areas 
that weaken region-specific AC.   
The second part of the methodology, the PCA section, complements the Exploratory AC Model 
in two ways.  First, it uses a mathematical approach to confirm the validity of the indicator 
categories of the Exploratory AC Model. Second, it characterizes the most relevant indicator 
categories that correlate with AC, providing guidance to the policy maker such that allocation of 
budget and resources has the greatest likelihood to increase AC of the region.   
To illustrate the development and application of this AC Methodology using existing socio-
economic data, a case study was performed in a socially and demographically diverse developing 
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country. The selected country of study is Peru, and the national regions included are Loreto, 
Piura and Ayacucho.  A description of the regions under study is provided in section 4.3.   
4.1 The Exploratory AC Model   
As discussed at the beginning of section 4, The Exploratory AC Model uses socio-economic and 
demographic determinants to characterize a region’s AC.   Developing and executing the model 
consists of three steps: development of indicators and metrics; data collection and processing; 
and final scoring.  The first step reviews literature and available data to generate the indicators to 
characterize AC. In the second step, data are collected based on existing Peruvian statistics and 
extensive literature review; and then processed to generate uniform data.  In the third step, scores 
are generated for each indicator, indicator categories and total AC for each of the regions. 
4.1.1 Metric and Indicator Development 
Desirable indicators and metrics are variables that summarize or otherwise simplify relevant 
information; make visible or perceptible phenomena of interest; and quantify, measure, and 
communicate relevant information [32]. These variables should be transparent and 
understandable and should also simplify or summarize a number of important properties rather 
than focus on isolated characteristics of a system [65].  
The Exploratory AC Model includes five AC indicator categories identified from the literature2: 
socio-economic status, education, human health, infrastructure and population demographics.  
The number of indicators ranges from two to five, per category.  Each indicator has at least one 
metric.  A total of 23 metrics were chosen (Table 1), as described within each category below.   
                                                 
2 Even though the literature showed a large number of social indicators to estimate AC, the selection of indicators 
for this model was also based on the respective data availability for the relevant indicators.  For instance, the density 
development of transportation infrastructure (i.e. bridges and roads) can be an indicator of development, 
communication and AC [36], these metrics were not included in the model, because there was no data available for 
the country under study and its respective regions.   
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Table 1 – AC Indicators and Metrics 
Indicator 




Capacity Regional per capita GDP 2001 – 2008 
National Institute of 
Statistics Informatics (INEI) 




Percentage of Economically Active Population 2007 INEI – National Household Survey (ENAHO), – 2007 
Percentage female participation in non-
agricultural industries 2001 – 2008 INEI – ENAHO, 2001-2008 
Poverty Poverty: Percentage of population outside of poverty 2001 – 2008 
Education 
Literacy Percentage of educated females 
2001-2008 INEI – ENAHO, 2001-2008 Education 
Center 
Attendance 
Percentage of population between 6 and 11 yrs 
of age that attend elementary school 
Percentage of population between 12 and 16 yrs 
of age that attend high school 
Percentage of population between 17 and 24 yrs 




Percentage of polio vaccination coverage 
among children under the age of 1 
2001-2008 
Health Ministry – Office of 
Statistics and Information 
Percentage of measles vaccination coverage 
among children under the age of 1 
Percentage of DPT vaccination coverage 
among children under the age of 1 1996-2008 
Mortality 
Percentage of Children under the age of 5 that 
survived  1996, 2000 y 
2007/2008 
INEI – Demographic and 
Family Health Survey 
(ENDES) 1996, 2000 y 
2007/2008 Percentage of Children that survived birth 
Nutrition 
Percentage of population with sufficient calorie 
intake  2000, 2002, 
2007 
INEI – (ENDES) 2000, 




Percentage of health centers with higher 
qualitative and quantitative treatment capacity 2004-2008 Ministry of Health 
Percentage of population affiliated to health 
insurance 2001-2008 
Access to ICT 
Percentage of population with access to 
telephone at home 
2001-2008 INEI – ENAHO, 2001-2008 Percentage of population with access to cellular phone at home 
Percentage of population with access to internet 
at home 
Sanitation Percentage of homes with access to sanitation 2007 INEI – Compendio Estadistico 2008 
Population 
Demographics 
Migration Percentage of native population  1981, 1993 
INEI – National Census of 
Population and Housing,  
1993 
Age Groups Percentage of non-dependant population 2000 – 2015 
INEI – Estimates and 
Proyections, according to 
rural, urban, sex and age by 
region.  
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Socio-economic status    
Within the socio-economic status category, three indicators were selected: economic capacity, 
economically active population (EAP) and absolute poverty.  Economic capacity relates to the 
region’s wealth, as determined by access to markets, technology, and other resources.  This 
indicator is directly related to the notion of collective AC to recover from climate variability 
impacts [32].  For instance, a region with greater economic capacity will have greater resources 
to rebuild damaged infrastructure needed for economic flow to continue after climate change 
related disasters. On the other hand, a region with lower economic wealth would have a limited 
capacity to respond, minimizing the ability to cope or adapt to such impacts.  The selected metric 
used to measure economic capacity is the average per capita GDP from 2001 until 2008.   
EAP is defined as a group that includes all persons of either sex who furnish the supply of labor 
for the production of economic goods and services [66].  The EAP metrics include the 
percentage of the population above 15 that participates in the economy and the percentage of 
female participation in the labor force, excluding agricultural activities. A high percentage of 
EAP reflects different sources of income in a social group, resulting in a lower dependency3 
ratio, and thus, greater AC.   Female economic participation was explicitly identified as an 
important element in the climate change AC literature [67, 68].  Women make decisions 
differently than men in the sense that they tend to act based on the wellness of the entire group to 
which they belong [68]. In addition, women are responsive to social bonds, demonstrating 
greater cooperation and altruism to the community.  Having high economically active female 
participation not only increases the AC of those families with economically influential women, 
                                                 
3 Dependency relates to economic dependence.  Children and elderly are considered dependent because they usually 
contribute little to no income in the household; and thus, require support by another person in the household (i.e. the 
head of the household). 
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but also reaches other families where social bonding has been formed and expands the AC to an 
extended family, group of friends or neighborhood [36, 67].   
Absolute poverty relates to poverty measured with a monetary focus, meaning that it is measured 
as a function of monetary expense to satisfy basic needs. Thus, it does not include other 
dimensions of poverty such as malnutrition and education [69].  More specifically, poverty refers 
to those residents of households that cannot afford the minimum monetary amount to satisfy 
basic nutritional and other non-nutritional needs such as clothing, rent, fuel, transportation, 
communications, culture and other expenses [69].  The selected poverty metric is percentage of 
the population living in poverty.  As expected, there is a high inverse correlation between 
poverty and AC – poverty has an inverse relationship to resource access and availability, which 
enables communities to absorb and recover from losses more quickly due to social safety nets 
[29, 70].  Also, from a community standpoint, the poor are likely to require substantial 
government assistance and more commonly become the inhabitants of refugee camps and 
temporary housing, tending to remain there for longer time [71, 72].  Such dependency makes 
them potentially more vulnerable to climate variability impacts.  For indicators like poverty that 
have an inverse correlation with AC, metric conversion has been implemented to maintain 
positive correlation consistency across the model.  Conversion consists of adjusting the collected 
socio-economic and demographic data into a format that illustrates a direct, positive relationship 
with the region’s AC. Refer to section 4.1.2 for further data conversion details.  
Education 
Education is critical for long-term adaptation goals [35]. A lack of education constrains the 
ability to access recovery information and understand climatic impact warnings (e.g., disaster 
alerts).  On the other hand, higher educational attainment results in greater lifetime earnings, 
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providing a support system when facing climate change impacts [73]. Female literacy and school 
attendance are the two indicators selected within this category.  The gender-based education 
indicator measures the proportion of literate females in a region, with a similar rationale to 
inclusion of the gender-based EAP indicator.  Educated women are critical leaders in their 
communities.  The higher the percentage, the greater the capacity to understand climate change 
impacts and inform, plan and reach people to cope and assess adaptation challenges in the 
household and community.  
School attendance is measured by percentage of population in elementary school, high school 
and superior education, based on their respective age groups (i.e. between 6 and 11, 12 and 16 
and 17 and 24, respectively).  This indicator not only illustrates the capacity to educate in a 
conventional form, but also the capacity to inform in the event of climate change impacts, 
communicating preventive and coping measures. Schools are primary centers of information 
dissemination because students spend up to eight hours in schools, where emergency or disaster 
plans are usually implemented.  Having high percentages of student-aged population attending 
schools is a way to educate the population accordingly while maintaining open communication 
lines to the community, increasing the AC of the system. 
Human Health 
Vaccination, mortality and nutrition are the indicators selected for the human health category.  
Vaccination is related to the health of the population as well as the health of newborns and 
children.  Sick children require significant amount of care, time and economic resources, which 
are needed in a time of climate disaster reaction or adaptation.  The vaccination indicator is 
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measured by the percentage of polio, measles and DPT4 coverage, all for children under the age 
of 1.   
Nutrition and mortality are diagnosis of health status [35].  Intuitively, a healthy population is 
less susceptible and thus more likely to resist potential climate variability impacts that would 
lead to exposure of hazards, such as water-borne diseases.  In the case of nutrition, a well-
nourished population will have more energy to resist periods of hunger due to relocation and 
delayed shelter and food aid resulting from climate related catastrophes.  Percentage of 
population with sufficient calorie intake and percentage of children under the age of 5 with 
proper nutrition are used to characterize this indicator. 
The metrics used to quantify mortality include survival percentage of children at birth and under 
the age of five.  According to UNICEF, childhood mortality rates are highly related to poverty 
and social vulnerability [74], thus affecting the community’s AC .  Children born in poorer 
countries are more exposed to contaminated water and poor housing. They are also more likely 
to be undernourished and to suffer greater exposure to infectious diseases.  This link between 
poverty and child death is also evident within developing countries where rates of under-five 
mortality are higher in poorer households (ibid.). 
Infrastructure 
Three indicators were selected for the infrastructure indicator category: health infrastructure, 
access to sanitation and access to information and communications technology (ICT). Access to 
health care infrastructure is positively correlated with higher AC because it provides alternatives 
to recover from health problems resulting from climate impacts, such as cholera, dengue fever 
and respiratory illnesses.   Two metrics were selected for this indicator: percentage of population 
                                                 
4 DPT is a combo vaccine against 3 diseases: diphtheria, pertussis and tetanus. 
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with access to insurance and number of high quality health care centers.  Having medical 
insurance allows people to rely on existing health infrastructure, including health centers, 
medicine and medical staff.   Similarly, health care centers are a source of relief.  The lack of 
appropriate resources will lengthen immediate relief efforts and long-term recovery from 
disasters [73, 75].  Health care centers are measured in terms of the qualitative and quantitative 
capacity of the existing health care centers.  According to Peru’s Ministry of Health (MINSA), 
there are three types of health care centers: health stand, health center and hospital [76]. The 
health stand only addresses minor injuries and has mainly a promotional and preventative role.  
On the other hand, health centers and hospitals have greater capacity of staff and equipment to 
handle more complex injuries or illnesses.  In terms of AC, a region’s coping and adaptation to 
climate change should not only be preventive but should also have resources to attend to 
potential injuries or plagues resulting from climate change.  For this factor, the model measures 
the ratio of health care infrastructure with greater capacity of staff and equipment (i.e. health 
centers and hospitals) to the total number of health care resources (i.e. health stands, health 
centers and hospitals combined) in a region.   
Access to adequate sanitation infrastructure is related to minimized exposure to water-borne 
diseases such as cholera.  Climate variability impacts (e.g., flooding and drought) can result in 
reduced access of water supply for sanitation purposes, resulting in the spread of infection and 
disease, minimizing a system’s AC.  The metric used in this category, percentage of homes with 
access to sanitation, is an aggregation of four statistics provided by the National Institute of 
Statistics and Informatics (INEI), including access to latrine, septic tank, and sewers inside and 
outside the household.  While access to sanitation is normally assumed to have a positive 
correlation to AC, smaller, densely populated communities with extensive sewer infrastructures 
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can also result in lower AC if the sanitation network suffers a significant structural impact and 
results in the breakdown and loss of service [36].  However, for the scope of this study, higher 
access to a sewerage system is assumed to lead to higher AC due to the country’s history to 
cholera outburst in the 1990’s because of poor sanitation conditions [77].    
According to the literature, access to ICT is directly correlated to higher AC [29, 35, 73].  The 
International Communications Union (ICU) states that access to ICT can be used for planning 
purposes to manage climate change variability impacts by helping observe, describe, record and 
understand the environment; sharing information; and facilitating the coordination of 
environmental decision-making [78].  Access to ICT is quantified with the following metrics:  
percentage of population with access to the Internet, landline telephones and cellular phones. 
Population Demographics 
AC indicators selected for population demographics include migration and age group 
distribution.  Migration rates are inversely correlated to AC, as migrants might face cultural 
barriers that minimize their ability to adapt to climate variability impacts.  For instance, migrants 
might not speak the language of the destination, and thus might be excluded from media and 
information communication, a source of alarm for disasters [70, 72].  Also, migrants might be 
unfamiliar with existing social norms or have little interaction with the information or planning 
sources that aim to adapt to climate change impacts, such as seismic drills implemented by local 
government and practiced by the population.  The metric used to measure migration is 
percentage of native population5. 
                                                 
5 This measure of migration relates to baseline migration as a result of social, political and economic factors.  No 
climate-induced migration is measured. 
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Families with a large number of dependents (i.e. people younger than 15 and older than 60 years) 
must juggle work responsibilities and care for family members [72, 73]. Even though not all 
elderly are frail and/or poor, it can be generalized that older residents are more likely to need 
disaster-related assistance.  In the case of children, their vulnerability is self-evident, especially 
in the developing world.  According to UNICEF, environmental degradation from contaminants 
and disaster is felt more acutely in developing nations where most of the world’s children live 
and where most children mortality occurs (i.e. 98% of all children mortality occurs in developing 
nations) [79]. With such exposure to disease and health vulnerability, children are a significant 
source of economic dependency for the other non-dependant family members.  The metric used 
for the age group indicator is the percentage of non-dependant population. 
4.1.2 Data Collection and Processing 
The data for the AC metrics (Table 1) were collected from publicly available databases generated 
by Peru’s National Institute of Statistics and Information  (INEI).  The amount and resolution of 
the data depended on their availability.  For instance, for some indicators (poverty, literacy and 
access to ICT) the values consisted of data from the last few years (2001 – 2008).  In other cases, 
the number of observations was much less – as few as 2 data points, as in the case of migration 
rates, which only had data from the years of 1981 and 1993.  For other indicators, the data 
consisted of only one discrete value, such as the 2007 statistic for sanitation.  
Data processing consisted of three steps: averaging, conversion and normalization.  The model 
averaged the available data points to generate one estimate for each metric.  This average 
allowed for consistent input data across metrics and indicators and for minimization of data 
sampling variability.    
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Conversion consisted of adjusting the collected socio-economic and demographic data into a 
format that illustrates a direct, positive relationship with the region’s AC. For instance, section 
4.2 discusses the inverse relationship between poverty and AC, as opposed to the direct 
relationship between economically active population and AC.  To generate data inputs with a 
consistent relationship with the dependent variable (AC), all inverse metrics were converted to 
direct metrics by taking the complement of the original value.  For example, if the poverty level 
of Ayacucho were 71.56%, the converted metric would be percentage of population above 
poverty line, and its value would be 100-71.56, or 28.44%.  This step was applied to poverty and 
five other metrics: mortality rate in children under the age of 5, children mortality rate, 
percentage of population with deficient calorie intake, percentage of malnutrition among children 
under the age of 5 and percentage of immigrant population.    
After the data observations were averaged and converted, the values were normalized.  The goal 
of normalization is two-fold: to place indicator results into a broader context and to adjust the 
results to have common dimension.  Normalization is carried out by dividing the value of each 
indicator metric over the value of the reference system [80].   The reference system can be 
selected using two approaches:  internal or external normalization [81]. Internal normalization, or 
operational view, can be used in comparative studies where one of the alternatives is selected as 
the reference. The purpose of this approach is to understand the non-commensurate units prior to 
the interpretation of results.  On the other hand, external normalization, or contextual view, uses 
an auxiliary reference system, such as a geographical area (e.g., region, country, continent or 
world) to assess the relative significance of the results across the categories, putting them in 
context (ibid.).  In this case, since the goal of the AC model is to rank AC within across the 
regions within the country, external normalization is used.  The reference system of choice is 
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Peru.   
It is important to note that the external normalization method used in this work might potentially 
cluster or skew the results of the case study subjects.  The country of reference averages socio-
economic and demographic characteristics that include its total population.  Peru is a highly 
centralized country in which most of the country’s GDP is generated in Lima, the capital [82, 
83].  Also, large migration waves from less economically developed regions have resulted in a 
densely populated capital (i.e. 30.93% of Peru’s population inhabit in Lima) [84].   This 
combination of high population and high GDP in the capital results in a concentrated area of 
people with greater access to infrastructure, education and certain socio-economic status 
indicators than other regions.   Having Peru as the reference system includes the data from Lima 
as well.  Lima’s significant socio-economic outperformance in comparison to the other regions 
might result in clustering the normalized results of Ayacucho, Loreto and Piura, even though 
there might be significant differences across these latter regions.  This potential effect will be 
discussed in the results section below. 
Eq. 1 shows the relationship between the normalization elements, where i is the region, j is the 
indicator category, k is the indicator and l is the metric, N is the normalized value, U is the non 
normalized regional value and R is the metric value for the reference system. 
Eq. 1:      
 
Intuitively, to normalize the values for the AC metrics, statistics and information need to be 
established, not only for the selected regions of the country, but also for the country as a whole. 
Thus, conversion for the nation-level indicator values is also needed.  Continuing with 
 
Ni, j ,k,l =
Ui, j,k ,l
Ri, j,k ,l
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Ayacucho’s poverty example, the converted value for Ayacucho’s poverty metric is 28.44. 
Normalizing Ayacucho’s poverty requires dividing 28.44 over Peru’s converted poverty metric.  
Since Peru’s poverty is a total of 52.62, its converted poverty value is 100-52.62 = 47.38. 
Therefore Ayacucho’s normalized poverty value is equal to 28.44/47.38 = 0.60.   
4.1.3 Final AC Scoring 
Estimating final regional scores (ACi) requires three calculations, in the following order: 
indicator values, indicator category values and final AC regional scores.  Estimating indicator 
values is illustrated in Eq. 2 where σ represents the score of the indicator, p is the respective 
number of metrics of each indicator, N is the normalized and converted value, estimated in the 
previous step.  As noted, the value of each indicator is the result of averaging the value of its 
respective metrics. 
Eq. 2:  
 






Estimating the indicator category value is illustrated in Eq. 3, where φ is the score of the 
indicator category and m is the number of indicator per indicator category.  As noted, the score 
of each indicator category is the result of averaging the value of its respective indicators. 
 
 Eq. 3:   
The equation used to the final regional ACi score is illustrated in Eq. 4, were wj represents the 
weight of indicator category j (see Section 5.33). As noted in the latter equation, the regional AC 
value is a summation of the weighted indicator values.   
 
ϕ i, j =
1
m
σ i, j ,k
m=1
∑
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Eq. 4:    
 
Weighting consists of providing valuation to each of the indicator categories under the 
assumption that not all categories will have the same effect on AC.  For instance, economic 
status is expected to have a greater effect on minimizing vulnerability than population 
characteristics, but less effect than infrastructure.   The values for weighting (Table 2) were 
initially based on existing nation level AC models in developing African countries [58].  These 
models use theory-driven indices that capture theoretical determinants of AC based on literature 
and expert judgment.   
Table 2 – Indicator category weighting  
Indicator Categories  Weight 
Socio-Economic Status 30% 
Education 15% 
Human Health 15% 
Infrastructure 20% 
Population Characteristics 20% 
The final weightings for the Exploratory AC Model were estimated based on the model’s 
structure, including the indicator categories, indicators and metrics selection. Indicator valuation 
is incorporated in the final step of the scoring process, which is explained in the following 
section.  Despite the initial use of these preset weights, the Exploratory AC Model allows users 
with expert knowledge to change these values.  The use of different category valuation is 
evaluated in a sensitivity analysis to determine possible impacts from weighting on the results of 




∑ ⋅ϕ i, j
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4.1.4 Sensitivity Analysis 
A sensitivity analysis is carried out to determine how robust the Exploratory AC Model is in 
response to variable weighting and data quality.  For weighting, the model is tested to determine 
sensitivity to equal weighting across category indicator and skewed weighting allocated to one 
single indicator category (i.e. valuing one category significantly higher than the others).   Equal 
weighting is assumed when there is no clear understanding of the valuation for each category.   
Skewed weighting is assumed as a possibility by the user, since economic variables are often 
given more importance by decision-makers, especially if those with greater economic capacity 
have more access to the decision-making process [25].  In the two skewed weighting analyses, 
the socio-economic indicator category was evaluated with weights of 50 and 60 percent, with all 
other indicator categories having equal weighting.  More specifically, when the socio-economic 
status category had skewed weighting of 50%, the other categories had a weight of 12.5%; 
whereas when the skewed weighting was 60%, the other categories had a weight of 10%. 
In terms of data quality, the model was tested using a range of lower and upper boundaries of   
data collected for each metric instead of the point estimate used in the initial model setting.  This 
analysis relates to the goal of the Exploratory AC Model to incorporate the available national 
statistics with flexibility, while still maintaining the validity and transparency of the data. 
Additionally, this analysis is used to determine the effects of data aggregation by averaging on 
each of the metrics used. 
4.2 Principal Component Analysis  
The PCA section of this methodology compliments the Exploratory AC Model in two ways.  
First, validating the indicator categories used in the model; and second, providing comprehensive 
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information to characterize the most critical regional factors that affect AC and thus, generate 
effective policy instruments to increase a region’s AC.    
PCA is a statistical methodology used to reduce the dimensionality of a data set consisting of a 
large number of interrelated variables, while retaining as much as possible of the variation 
present in the data set [85].   This reduction is carried by replacing p measured variables Xl, 
X2,..., Xp by m principal components (PC) or derived variables, Zl, Z2, ..., Zm, where m is much 
less than p, whilst minimizing any loss of information . The variables Zl, Z2,..., Zm are taken to be 
linear functions of Xl, X2, …, Xp [86, 87].    The PCs with maximum possible variance (Zk) are 
selected based on the significance of the corresponding eigenvalues, provided by the software.  
According to the methodology, eigenvalues greater or equal than 1 are those that fall within the 
Zk group [87]. In addition, the software used provides the proportional variance that Zk has on 
the variables X2,..., Xp.  Finally, the ap coefficients show the correlation between the variables and 
the selected PCs.   
The first PC extracted in a PCA accounts for most of the total variance in the observed variables. 
Under typical conditions, this means that the first PC will be correlated with at least some of the 
observed variables and may be correlated with many.  The second PC extracted will account for 
most of the variance in the data set that was not accounted for by the first component.  This 
means that the second component will be correlated with some of the observed variables that did 
not display strong correlations with PC 1[86].  
For the category validation, the PCA will confirm the high correlation of all the categories in the 
model with the PCs with maximum possible variance.  On the other hand, to characterize the 
most critical categories, the PCA will select only the indicator categories in the first PC.  This 
information will be contrasted with the information provided by the Exploratory AC Model to 
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determine those elements that need to be addressed to increase region-specific AC.  For instance, 
if the model results show that Ayacucho has five particular indicators that are weakening the 
region’s AC (e.g., economic capacity, poverty, education, migration and nutrition), and the PCA 
results show two critical categories for the region (e.g., socio-economic status and population 
demographics), the user should select the indicators that fall within those two critical categories 
(i.e. economic capacity, poverty and migration).  By narrowing the indicator selection based on 
the PCA results, the policy and decision makers are able to focus on the most critical factors and 
thus, optimize the allocation of resources and budget in the process of AC building. 
It is important to stress that PCA results do not generate causalities (i.e. the effect that the PC 
have on the variables). PCA is simply a variable reduction procedure that (typically) results in a 
relatively small number of components that account for most of the variance in a set of observed 
variables [20].  Interpretation of these PCs is subjective and left for the user to generate using the 
base information, in this case the input statistics. 
4.2.1 Variable Selection 
To generate a robust statistical analysis, the number of observations (n) in a PCA has to be 
greater than the number of variables (p) [88].  Ideally, the PCA section of this methodology 
would incorporate each metric within the AC Model; this was not possible because the number 
of observations n ranged from 1 to 9 across the AC Model and thus, it was not only inconsistent 
but also resulted less than p (i.e. there is a total of p = 23 metrics in the Exploratory AC Model).  
Therefore, the PCA section was performed using the indicator categories instead of the metrics, 
resulting in p = 5 instead of p = 23.   To do this, one metric per indicator category was selected 
based on its number of observed sample size (i.e. years included in time series) and a fair 
portrayal of the respective category.   The final PCA data set consisted of five selected metrics 
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with data from the same years (2002 – 2008, resulting in n = 7) for consistency purposes.  With 
this adaptation, the final parameters of the PCA were n = 7 > p = 5, providing greater robustness 
to the methodology.  Table 3 shows the variables selected per indicator category. 
Table 3 – Metrics selected to represent indicator categories in PCA 
Indicator Category Representing Metric 
Socio-Economic Percentage of population above poverty line 
Education Percentage of population between 12 and 16 yrs of age that assist high school 
Human Health Percentage of population with sufficient calorie intake 
Infrastructure Percentage of population with access to cell phone  
Population Demographics Percentage of non-dependant population 
Population above poverty line was the selected metric for the socio-economic status category.  
Although economic capacity may intuitively seem more important, there is a conflict between 
individual and collective AC.  A region’s GDP could represent the economic power of one main 
economic activity, and potentially the wealth of a small group of people, without necessarily 
representing the population’s economic capacity.  On the other hand, selecting poverty, instead 
of economic activity, illustrates the population’s access to monetary resources, which can be 
used to satisfy nutritional and other needs (e.g., fuel, transportation and communications) to react 
to climate related disaster  (See section 4.1). 
Population proportion between 12 and 16 yrs of age that attend high school was selected to 
characterize the education category.  At this age, children have greater responsibilities in their 
household than those of lesser age.  Having this age group attending school, a source of alert and 
communication to the community, is expected to spread climate related information to their 
families and friends (See section 4.1).  Unlike the older age group that attends school (from 17 to 
24), the selected group is preferred since high school education in developing countries is more 
common than college education. 
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In the human health category, population with sufficient calorie intake was chosen as 
representation of human health in relation to AC.  This selection was based under the assumption 
that a well-nourished population is more resistant to forced relocation due to disaster, while 
dealing with delayed governmental aid (i.e. food and shelter).  Also, well-nourished people are 
expected to have more energy to resist transitional periods of adaptation, such as changing 
source of economic activity (e.g., from agriculture to fishing), which could lead to less stable 
family income and potentially fewer resources for provisions. 
Percentage of population with cellular phone was the metric selected for the infrastructure 
category.  This selection might be counterintuitive, as some may argue that landlines are more 
reliable than cellular phones.  On the other hand, cellular phones can be used outside of the 
household, especially useful in case of escape or relocation as a result of catastrophic-related 
incidents.  In addition, cellular phones can be used as an emergency communication tool, used to 
receive text and voice messages alerting the population of potential disaster.    
Finally, the percentage of non-dependant population is the variable selected to represent the 
population demographics, because it has a correlation with the capacity to support the dependent 
population, participate in economic activities and be more assertive in decision-making for social 
groups such as families and neighborhoods. 
4.2.2 Detrending 
Randomized input data are required for performing a PCA. However, statistics used in this AC 
model consist of non-randomized time series data.  Therefore, data were randomized using 
detrending, which consists of removing the effects of accumulating data sets from a trend to 
show only the absolute changes in values and to allow potential cyclical patterns to be identified.   
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Detrending was performed using Minitab 16. After completing the variable selection and data 
conversion, Minitab 16 is used to execute the PCA. 
4.3 Integrating Exploratory AC Model with PCA 
The third step of the methodology consists of integrating the results of the Exploratory AC 
Model and the PCA.  The PCA section is a utilitarian extension of the methodology, as 
developing countries often have limited resources for adaptation and must make difficult 
decisions about prioritizing investment.  Beyond determining which impact categories are the 
most important statistically, how to properly allocate available resources must also be 
considered. Therefore, the dominant categories identified must be contrasted with the 
information generated by the Exploratory AC Model.  By integrating results the user can 
potentially focus on the highlighted critical categories, analyze the categories’ indicators and 
metrics that have the lowest scores and thus, optimize the allocation of resources and budget in 
the process of AC building.  This integration requires two steps.  First, identify the categories 
that minimize the regions’ AC provided by the PCA results.  And second, select the indicators 
and metrics that minimize regions’ AC (generated by the Exploratory AC Model) for the 
categories selected in step one.  With this information the user will be able to narrow results and 
focus on those particular categories, indicators and metrics that lower a region’s AC. 
4.4 Case Study 
The selection of Peru for the case study was based on a two of factors.  First, Peru is among the 
twentieth most vulnerable countries to climate change as a result of the nation’s large biological, 
and geographical diversity [89, 90].  The country’s geographical variability consists of arid 
coastal region, Andes mountain ranges, and tropical lands bordering Colombia and Brazil.  
Abundant mineral resources are found in the mountainous areas, whereas Peru's coastal waters 
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provide excellent fishing grounds.  Even though this diversity results in a rich, varied economy, 
it also leads to the exposure of different regions to climatic fluctuations, including drought, 
increased flooding and glacier retreat [82, 84, 91]. Second, Peru is a developing country that has 
major socio-economic inequalities, despite economic growth and poverty reduction in the last 
decade, which result in polarized capabilities to adapt to climate change impacts across the 
nation[91].   
Peru is divided into twenty-five regions and the province of Lima, located in the central coast of 
the country [92].  For the resolution of the model three of the regions are included in the 
country’s regional characterization: Ayacucho, Loreto and Piura. These regions were chosen as 
representatives of different socio-economic, demographic and geographic areas of the country 
(Fig. 4). 
Ayacucho 
Ayacucho is a region located in the Southern center of the Peruvian Andes, with a population of 
642,972 and a total area of 43,815 km2, equivalent to 3.4 % of the national territory [84, 93].  
The main economic activities of the region include agriculture, governmental services and 
commerce [82].  Ayacucho’s topography is determined by the crossing of two mountain ranges 
that divide the region in three sections: mountainous and tropical in the north, abrupt mountains 
in the center and high plateau in the south. Like its topography, the region’s climate is varied: 
sub-tropical desert in the areas closer to the coast.  In the mountainous areas the climate is 
temperate (64.4 F), temperate and temperate-cold in the center (44.6 F) and cold-glacier in 
Southern high plateau.   In the tropical North, temperatures are high during the day (75.2 F), and 
temperate at night are lower to cold (48.2 F) [93, 96]. 
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Loreto 
Loreto occupies a surface of 368,852 km2, 28.7% of the national territory.  It is located in the 
Northeastern extreme of the country and has a population of 970,918 [84, 94].  The climate of 
this region is warm, humid and rainy, with an minimal temperature of 62.6 F and maximum of 
97.88 F [94]. Loreto’s territory belongs to the Llano Amazónico or Amazonic level, with 
altitudes between 61 and 2200 meters above sea level.     
Fig. 4– Regions selected for the case study and their characteristics [84, 93-95]
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Piura 
Piura is a region located in the Northern coast of Peru and it has a population of 1,754,791 
inhabitants [84].  The main economic activities include manufacturing, commerce and 
agriculture [82-84].  Piura’s topography is diverse, consisting of a coast, a desert and a 
mountainous section that reaches up to 3,200 meters above sea level.  The region’s climate is 
desertic and semi-desertic in the coast and the Andes mountain range.  Precipitation is scarce, 
except when "El Niño" phenomenon occurs.  During this time, rain is abundant, activating dry 
creeks and originating flooding.  Annual average temperature is 93.56 F, with a maximum of 
100.4 F and a minimum of 59 F in February and June, respectively [95]. 
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5. Results, Discussions and Broader Impacts 
After processing the data and executing the Exploratory AC Model and PCA, the results were 
compiled and interpreted. The following sections describe and discuss the results, 
contextualizing them in terms of the case study, stressing the benefits of this AC Methodology, 
and relating it to current policy making methods for climate change adaptation strategies. 
5.1 Exploratory AC Model 
The result section of the Exploratory AC Model is divided in four segments.  First, differences 
between regional and nationally aggregated development are estimated and related to region-
specific AC (Table 4 and Figure 5).  The second part, shown in Table 5, Fig. 6, Fig. 7 and Fig 8, 
compares and contrasts the static and dynamic perspectives provided by the Exploratory AC 
Model.  The third section contextualizes the results with the case study and the regions’ 
economic development.  Finally, the fourth part illustrates and discusses the results of the 
Exploratory AC Model sensitivity analysis in terms of indicator weighting and data quality. 
5.1.1 Regional vs. National Development and AC 
Table 4 shows the averaged statistics used as input data for the Exploratory AC Model.  The 
table shows both unnormalized and normalized metric values.  Unlike other methodologies [30, 
32, 36, 70], the Exploratory AC Model implements data normalization, which allows the user to 
differentiate regional vs. national-level development and thus recognize resource distribution 
patterns.  This provides information to the user on decision-making and inter and intra regional 
budget and resource allocation, for AC enhancement purposes. 
Normalization consists of dividing a region’s metric value over the reference system’s metric 
value (Section 4.1.3).  If a region shows normalized values greater than 1, the user can identify 
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that the area shows regional development greater than the country as a whole.  On the other 
hand, if a region shows normalized values less than 1, it reflects a regional development less than 
that of the country.  Those regions with lower relative scores reflect greater need of budget and 
resource investment for developmental purposes, and consequentially, AC enhancement.  On the 
other hand, localities with more values close to or above one might permit temporary self-
sustainment for AC strengthening, while other regions are assisted in the process.    
Also, in cases where the results show common superior or inferior characteristics for all three 
regions as compared to the entire country, the results could be indicating specific elements that 
affect the AC of a significant portion of the nation, which might have to be addressed at a greater 
scale.    
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Table 4 – AC data for Ayacucho, Loreto, Piura and Peru  
 Unnormalized Values (Ui,j,k,l) Normalized Values (Ni,j,k,l) 
Indicator 








Percentage of Economically Active Population 78.89 71.14 69.33 69.55 1.13 1.02 1.00 
Percentage female participation in non-agricultural industries 30.95 32.61 31.41 61.70 0.50 0.53 0.51 
Absolute Poverty Poverty: Percentage of population above poverty line 28.44 35.64 43.18 47.38 0.60 0.75 0.91 
Education 
 




Percentage of population between 6 and 11 yrs of age that assist 
elementary school 92.23 88.69 92.21 95.03 0.97 0.93 0.97 
Percentage of population between 12 and 16 yrs of age that assist 
high school 62.97 55.60 64.64 72.81 0.86 0.76 0.89 
Percentage of population between 17 and 24 yrs of age that assist 





Percentage of polio vaccination coverage among children under 
the age of 1 91.90 83.73 93.80 90.36 1.02 0.93 1.04 
Percentage of measles vaccination coverage among children 
under the age of 1 89.68 90.08 92.35 92.19 0.97 0.98 1.00 
Coverage of DPT vaccination among children under the age of 1 96.73 86.79 96.38 90.94 1.06 0.95 1.06 
Mortality  
 
Percentage of Children under the age of 5 that survived  93.33 92.50 94.00 94.63 0.99 0.98 0.99 
Percentage of Children that survived birth 94.80 95.10 95.87 96.07 0.99 0.99 1.00 
Nutrition 
 
Percentage of population with sufficient calorie intake  37.83 45.00 33.28 68.81 0.55 0.65 0.48 





Percentage of health centers with higher qualitative and 
quantitative treatment capacity 17.73 18.08 27.44 28.49 0.62 0.63 0.96 
Percentage of population affiliated to health insurance 47.26 48.92 37.58 41.40 1.14 1.18 0.91 
Access to ICT 
 
Percentage of population with access to telephone at home 0.36 0.64 1.18 26.05 0.01 0.02 0.05 
Percentage of population with access to cellular phone at home 8.23 9.85 17.39 24.55 0.34 0.40 0.71 
Percentage of population with access to internet at home 4.78 13.91 15.29 3.18 1.50 4.38 4.81 
Sanitation Percentage of homes with access to sanitation 64.00 55.00 75.00 80.30 0.80 0.68 0.93 
Population 
Demographics  
Migration Percentage of native population  90.67 93.35 92.73 90.35 1.00 1.03 1.03 
Age Groups Percentage of non-dependant population 55.38 59.49 61.23 63.20 0.88 0.94 0.97 
Note: Unnormalized values (U) are those data that were directly pulled from the source.  Normalized values (N) are the result of dividing unnormalized values over the 
reference system values (R).  Data normalization is meant to place indicator results into a broader context; and to adjust the results to have common dimension.  The reference 
system in, this case, are the national data.  For instance, if the % of non dependant population of Ayacucho is 55.38%, the unnormalized value of this region is 55.38, and the 
normalized value is 55.38/63.20 (value of Peru’s dependant population), resulting in Ayacucho’s normalized value for the metric: 0.88 
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For this case study, the reference system is Peru, which means that normalized data points 
greater than one reflect superior regional characteristics in comparison to Peru’s national value, 
and vice versa.  For instance, Ayacucho’s normalized percentage of population living above 
poverty is 0.60, a result of dividing 28.44 (Ayacucho’s unnormalized metric value) over 47.38 
(Peru’s metric value), which illustrates the Ayacucho’s low % of population living above 
poverty, in comparison to the country as a whole.   Fig. 5 shows the distribution of normalized 
metric values across the three regions.   
 
Fig. 5 – Comparative distribution of normalized metrics for Piura, Loreto and Ayacucho.  As noted, there is not much 
difference across regional characteristics in most metrics.  Internet access seems to be a growing element for all three 
regions.  Piura shows the greatest amount of superior regional characteristics with eight normalized metric values 
greater than one, followed by Ayacucho and Loreto.  On the other hand, access to cellular phone and telephone, 
sufficient calorie intake, superior education, female participation in the economy and per capita GDP illustrate values 
less than 1 for all 3 regions, creating a group of elements that affect AC interregionally. 
 
 Rosa E. Mitsumasu Heredia – Master of Science Thesis  
  45 
Fig. 5 shows that for most of the metrics there is little variability across the studied regions, 
which is an effect from the external normalization method used (See section 4.1.2).  Despite the 
potential differences across the three regions, the skewed data from Lima incorporated in Peru’s 
averaged data results in much higher unnormalized values for reference system, in most of the 
cases.  Dividing the unnormalized data for the studied regions over the high country averages 
resulted in the clustering of the normalized results for Ayacucho, Loreto and Piura.   
In addition to clustering, Table 4 and Fig. 5 show some skewing of the normalized results for 
some of the metrics, such as percentage of population with access to Internet at home.  Table 4 
and Fig. 5 show that access to Internet is significantly high for all three regions under study, 
showing particularly high scores with respect to the country.  In Table 4, the normalized metric 
values illustrate highly skewed values due to external normalization.  In this case, the use of 
alternative methodologies for normalization would have shown a better relative distribution of 
access to Internet without skewing the metric score.  For instance, using internal normalization 
(i.e. one of the regions such as Piura as a reference system instead of Peru) would have provided 
metric scores relative to the three areas without incorporating the low per capita access to the 
web in the rest of the country (see Section 4.1.2).  Thus, instead of having normalized values of 
1.50, 4.38 and 4.81 for Ayacucho, Loreto and Piura (Table 4), internal normalization would have 
resulted in normalized values of 0.31, 0.91 and 1, avoiding the skewed high performance of this 
metric for all three regions. 
Despite the skewing and clustering effect from external normalization, the regional differences 
can be noted across the regions.  Piura shows the greatest amount of normalized metric values 
greater than one, including % of EAP, % of polio, measles and DPT coverage, children survival 
at birth and over five years of age, access to internet and % of native population.   Piura’s results 
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reflect improvement over the national average in four out of the five indicator categories, 
excluding education.  Still, the educational metrics show values closer to one, which illustrate 
similar educational levels to those of the country.   Even though most metric values for Piura are 
greater or close to 1, the region shows significantly low normalized values for nutrition and 
female participation in the economy.  This contrast with the region’s relative high economic 
capacity and access to health care and education could reflect inequity in terms of resource 
distribution.   
Ayacucho follows Piura with six normalized metric values greater than one including % of EAP, 
% of polio and DPT coverage, % of population with health insurance coverage, % of population 
with access to the internet and % of native population.   Ayacucho’s normalized data shows that 
the region has relatively good health infrastructure and Internet access characteristics.  On the 
other hand, the region’s significantly low normalized socio-economic values illustrate low 
economic capacity and high poverty levels, in comparison to the rest of the country.    Loreto 
shows five normalized metric with values greater than one, including % of EAP, % of educated 
females, % of population with health insurance coverage, % of population with access to the 
Internet and % of native population.  This is contrasted by Loreto’s low education, access to high 
quality health care centers, sanitation and access to phone connections, in comparison to the 
country’s aggregated statistics. 
Table 4 shows that the unnormalized values for percentage of population with access to 
telephone and cellular phone at home are almost inverse: low values for landline access and high 
values for cellular phone access.  These results are particularly interesting as both metrics 
indicate access to ICT infrastructure but show different trends.  These results might illustrate an 
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increasing trend of substitution of cellular phones over landlines, which could be related to the 
ease of expansion and implementation of cellular phones in comparison to traditional telephones. 
Fig. 5 shows that for all regions, the majority of the education, human health and population 
demographics metrics have values close to one, illustrating uniformity in the implementation of 
resources across the country in these areas. Similarly, percentage of EAP and population with 
access to the Internet seem to have relatively close levels to the nation’s average.  On the other 
hand, access to cellular phone and telephone, sufficient calorie intake, superior education, female 
participation in the economy and per capita GDP illustrate values lower than 1 for all 3 regions, 
with normalized values as low as 0.01, 0.34, 0.48, 0.50 and 0.39 respectively.   This later 
information could be interpreted as critical interregional AC challenges affecting Piura, 
Ayacucho and Loreto, and thus should be further evaluated in interregional decision and policy-
making processes for capacity building.   
The results from this section indicate that Piura has the greatest number of characteristics at or 
above the baseline country average.  This might be an indication that the region can be partially 
self-sustaining in the AC building process; meaning that it can generate its own budget and 
resources, while Loreto and Ayacucho may need to obtain greater assistance from the 
government.        
5.1.2 Static vs. Dynamic Approach 
The Exploratory AC Model uses both static and dynamic approaches to characterize regional 
AC.  Static analysis is used for prioritization purposes, while the dynamic assessment allows the 
user to understand how the gap among regional AC scores changes over time. Prioritizing a 
region’s increase of AC includes both a greater sum of economic aid and a prompt action to 
understand the region’s needs.  In addition, region prioritization is an important element in the 
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process of decision-making, since it assesses the effect of delay on the region’s AC.  According 
to the National Research Council (NRC), delaying risk assessment can have a significantly 
negative effect on a system: “There are a number of ways in which the process of assessing and 
managing risk can lead to an increase in risk—analogous to the notion of iatrogenic risk in 
medicine (risk ‘caused by the doctor’). In the same way that a delay in diagnosis by a physician 
can increase risk to the patient, delays in the process of assessing risks may increase overall 
exposure to risk when decisions are delayed” [97]. 
Static Approach 
Table 5 shows the results of the static use of the Exploratory AC Model, including indicator and 
indicator category scores, indicator weighting and final regional AC scores, which are illustrated 
at the bottom of the table, in red.  Higher AC scores (ACi) represent higher regional AC.  The 
case study shows a clear difference across the three evaluated regions.  Piura ranks first with an 
AC score of 0.95, followed by Loreto with 0.89 and Ayacucho with 0.78.  Ayacucho scores 
almost 17.89% lower than Piura and 12.35% lower than Loreto.  On the other hand, Loreto’s ACi 
is close to Piura with a difference of 6.32%.  These results indicate that, based on the static 
approach alone, Ayacucho has the greatest need for strengthening AC across the regions.  
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Table 5 - Indicator Scores (σi,j,k), Indicator Category Scores (φi,j) and Final Regional 
AC Scores (ACi) 
Indicator Score (σi,j,k)    Indicator Category Score (φi,j)  
Indicator 
Category Indicator Metrics Ayacucho Loreto Piura  
Indicator 





Capacity Regional per capita GDP 0.39 0.57 0.60 




Percentage of Economically Active Population 
0.82 0.78 0.75 
Percentage female participation in non-agricultural industries 
Absolute 
Poverty Poverty: Percentage of population above poverty line 0.60 0.75 0.91 
Education 
Female 
Literacy Percentage of educated females 0.78 1.05 0.98 
0.15 0.81 0.88 0.91 Education 
Center 
Attendance 
Percentage of population between 6 and 11 yrs of age that assist 
elementary school 
0.85 0.71 0.84 
Percentage of population between 12 and 16 yrs of age that assist 
high school 




Percentage of polio vaccination coverage among children under 
the age of 1 
1.02 0.95 1.03 
0.15 0.90 0.91 0.93 
Percentage of measles vaccination coverage among children 
under the age of 1 
Coverage of DPT vaccination among children under the age of 1 
Mortality  
  
Percentage of Children under the age of 5 that survived  0.99 0.98 1.00 
Percentage of Children that survived birth 
Nutrition 
  
Percentage of population with sufficient calorie intake  
0.71 0.79 0.75 




Percentage of health centers with higher qualitative and 
quantitative treatment capacity 0.88 0.91 0.94 
0.20 0.77 1.07 1.24 
Percentage of population affiliated to health insurance 
Access to ICT 
Percentage of population with access to telephone at home 
0.62 1.60 1.86 Percentage of population with access to cellular phone at home 
Percentage of population with access to internet at home 
Sanitation Percentage of homes with access to sanitation 0.80 0.68 0.93 
Population 
Demographics 
Migration Percentage of native population  1.00 1.03 1.03 0.20 0.94 0.99 1.00 
Age group Percentage of non-dependant population 0.88 0.94 0.97 
Regional AC Score (ACi) 0.78 0.89 0.95 
The table shows the results for the Exploratory AC Index: the regional AC score (in red), which represent the aggregated AC of each region.  Higher scores represent higher 
regional AC, lower scores (lower AC) reflect regions that have priority in the AC enhancing process.  Piura scores highest with 0.95, followed by Loreto and Ayacucho, which 
score 0.89 and 0.78 respectively.  Weighting for each of the indicator categories are explicitly stated in the model: 30, 15, 15, 20 and 20% for socio-economic status, 
education, human health, infrastructure, and population demographics, respectively. 
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Fig. 6 and Fig. 7 show the indicator score variability across regions.  Fig. 6 shows the 
distribution of the Exploratory AC Model results, as a function of the indicator categories.  Piura 
scores highest in all categories and similarly Loreto and Ayacucho remain second and third in all 
the indicator categories.  The greatest variability is found in the infrastructure category, which 
has a standard deviation across regions of 0.24.  For this category, Piura scores 1.24, 38.4% more 
than Ayacucho and 14.2% more than Loreto.   Human health and population demographics show 
the greatest uniformity across regions, where the standard deviations are merely 0.01 and 0.036, 
respectively. 
 
Fig. 6 - Distribution of indicator category scores for Piura, Loreto and Ayacucho.  The figure shows Piura’s 
superiority in all categories. Loreto and Ayacucho remain second and third place in all categories, 
respectively.  The greatest regional variability is found in the infrastructure category, which has a standard 
deviation of 0.24.  Human health and population demographics show the greatest uniformity across regions, 
where the standard deviations are merely 0.01 and 0.03, respectively 
                                                 
6 Standard deviation was estimated assuming a normal distribution of the data 
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Fig. 7 shows the percent distribution of indicator scores across the regions.  The results show that 
Piura scores higher than the other regions on economic capacity, absolute poverty, and access to 
sanitation and information and communication technology (ICT).  On the other hand, Piura’s 
indicators scores, nutrition and economically active population (EAP) are particularly low.  
These results contrasted with the region’s high economic capacity suggest degrees of inequality 
among the population.   Loreto shows higher scores in female literacy and nutrition but 
sanitation, education attendance and access to health care have the lowest scores for this region, 
minimizing its AC. Finally, Ayacucho shows better performance in the indicators of EAP and 
education attendance.  Ayacucho’s data show significantly poor indicators than its counterparts, 
especially in the areas of economic capacity, absolute poverty, female literacy, nutrition and 
access to ICT.  Ayacucho’s age group indicator also shows a greater amount of dependant 
population than the other two regions, a significant disadvantage for a region that already have 
socio-economic and nutritional struggles. 
 
Fig. 7 – Distribution of indicator scores for Piura, Loreto and Ayacucho.  The size of the bar indicates the 
relative indicator scores across the three regions.  Piura shows superiority across all the indicators, 
especially in the indicators of economic capacity, absolute poverty, and access to ICT and sanitation. 
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The indicators with the greater variability are access to ICT and absolute poverty, with standard 
deviations of 0.65 and 0.16, respectively. On the other hand, mortality and migration show 
uniformity across the three regions resulting in standard deviations of only 0.01 and 0.02, 
respectively.     
Dynamic Approach 
Fig. 8 illustrates the dynamic use of the Exploratory AC Model.  In many cases, indexing has 
been limited to the static scoring of AC and climate vulnerability for ranking purposes [29, 32, 
98].   Adaptation is an evolutionary process, a concept that in its nature includes the progress of 
social and natural systems through time when facing environmental changes [8, 32, 58, 99].   
Having a single, static data point to describe AC provides limited information to the user. Fig. 8 
illustrates the annual AC of each region from 2001 to 2008, incorporating the same parameters 
used in the static results (Table 4), but calculated based on each year’s specific input, rather than 
the aggregated average of all years.      
The dynamic approach of the Exploratory AC Model includes externally normalized and 
weighted values.  As noted in Fig. 8, the trends appear to be grouped, or clustered.  This occurs 
because the data are normalized and contextualized in terms of Peru’s averaged data (discussed 
in sections 4.1.2 and 5.1.1).  Using an internal normalization method, or plotting the annual AC 
with unnormalized data, would have neglected the relative position of the regions as a function 
of the reference system and thus showed a graph for the region-specific characteristics without 
this cluster effect.  On the other hand, the Exploratory AC Model is built to contextualize the 
data to further incorporate Peru’s developmental goals.  To illustrate this approach, the results 
are contextualized in terms of the country’s development.  Refer to the interpretation section for 
more region-specific AC results. 
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Fig. 8 – Estimated annual AC 
for Ayacucho, Loreto and 
Piura.  The dynamic results 
confirm the results by the 
static approach: Piura has 
greatest regional AC, 
followed by Loreto and 
Ayacucho 
Fig. 8 shows that regional AC is constantly changing but overall trends are fairly consistent.  For 
instance, all regions show a drop in AC at the beginning of the timeframe, but in 2006 there is a 
sudden increase, which could be related to a number of internal or external factors, such as a 
national increase in economic capacity.   For instance, in 2006 Peru occupied a leading position 
in the global production mineral commodities (arsenic trioxide, bismuth, copper, gold, lead, 
molybdenum, silver tin and zinc), and in Latin America, ranked first in the production of gold, 
silver, zinc, lead, tin, and tellurium [100], resulting in an increase of GDP and thus a nation-wide 
economic turn around (ibid.).   
Even though Ayacucho remains the lowest scoring of the three regions, it shows the fastest AC 
increase.  The region grows its AC by 9% in 2007, and then by 4.5% in 2008, in comparison to 
the previous years.  On the other hand, Piura and Loreto only show a maximum of 3.7% and 
5.9% yearly increase of AC, respectively.   
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5.1.3 Interpreting results 
The dynamic AC results confirm the output provided by the static approach – Piura has the 
highest regional AC, followed by Loreto and Ayacucho.   This order of regional AC can be 
characterized by the particularities of each region.  Ayacucho’s low score is the result of a 
history of socio-political conflicts that hindered socio-economic development of the region for 
many years.   Ayacucho was the center of a national series of violent events in the 1980’s 
between the paramilitary units and subversive groups (i.e. The Shining Path and the Túpac 
Amaru Revolutionary Movement), which resulted in deaths, disappearances, torture and 
persecution, ultimately leading to long-term social disturbance [101].  Institutionally, 
organizations that supported social, economic and political dynamics were drastically affected.  
In terms of infrastructure, households, schools, churches and gathering centers were destroyed.  
Land was abandoned, and livestock was lost.  These events disturbed the development process 
significantly, leaving a population raised in poverty and facing many other social challenges 
(ibid.).  Approximately 20 to 30 years later, newer opportunities from national and international 
non-governmental organizations supported the Ayacucho’s development, resulting in a more 
diversified economy [82, 83, 101], which can be seen in Fig. 9. 
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Fig. 9  – Ayacucho’s per 
capita GDP distribution 
across economic activities 
(2000 – 2009)[82, 83] 
Even though Ayacucho’s dynamic results confirm the static approach (i.e. having the relatively 
lowest regional AC), Fig. 6 shows the region’s AC increase in the later years.  This increase 
could be a result of economic diversification: shifting from agriculture to mining and 
construction (Fig. 9), resulting in cumulative economic growth of 45.6% from 2000 to 2008, a 
rate two percent higher than the national average.  These indicators are signs of economic 
development, which result in job creation, poverty reduction and infrastructure generation, all 
factors that in turn increase the regional AC. 
Loreto’s second rank in AC characterization is a result of the region’s economic success.  In the 
last ten years, Loreto’s diversified economy (Fig. 10) has doubled and almost tripled other 
regions’ per capita GDP [82, 83].  On the other hand, the region’s low levels of education and 
high dependant population lower the region’s AC.  This decrease is a result of the particular 
social diversity of the region.  Loreto’s indigenous population, 11.9% of the total, has 
significantly low literacy rates, where approximately one of three is illiterate [102]. In terms of 
population demographics, 40% of Loreto’s inhabitants fall within the dependent population 
category (ibid.).   
 Rosa E. Mitsumasu Heredia – Master of Science Thesis  





















(2000 – 2009) [82, 83]  
 
Piura’s relatively high AC is mainly a result of continuous economic growth in the last decade, 
which has been parallel to infrastructure development and improvement in population 
characteristics, such as family size minimization.  Piura’s increasing development results from 
three economic activities: manufacturing, commerce and governmental services, followed by 
significant growth in the sectors of construction, and agriculture, hunting and fishing (Fig. 11).   
This growth has led to increased access to infrastructure, including health care and ICTs, such as 
cell phones and the Internet, as well as the increase in the proportion of non-dependant 
population.  Despite the region’s economic success, other socio-economic indicators, such as 
poverty and malnutrition, show degrees of inequality.  Poverty levels reach over 50% of the 
population and malnutrition is as high as 67% across the region’s inhabitants (significantly 
higher than Piura and Loreto).  Poor performance in such critical indicators suggests that a better 
distribution is needed for revenue generated in the evident economic growth.  A population with 
high degrees of inequality is a population vulnerable to catastrophe due to its lower access to 
resources when coping and adapting to climate related catastrophes [22, 24], especially at the 
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individual adaptation level.  As noted earlier, if a family has poor nutrition and high degrees of 
poverty, the calorie intake and monetary resources needed to potentially escape from disaster is 

















 Fig. 11– Piura’s per capita 
GDP distribution across 
economic activities (2000 – 
2009) [82, 83] 
For this case study, the dynamic results mirror the static results, although it may be the case that 
abrupt socio-economic or political changes in other regions could potentially change the 
aggregated AC results.  For instance, a natural disaster or a social revolution could lead to chaos 
or violence, significantly minimizing the AC of a region.  On the other hand, a discovery of new 
high-demand resources (e.g., minerals) could result in rapid economic development increasing 
the economic capacity and thus the AC of a geographic area.  By including both static and 
dynamic approaches in the Exploratory AC Model, the user can better understand the annual 
changes in AC and potentially project future AC of the regions, if conditions continue evolving 
in a similar direction.   
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5.1.4 Sensitivity Analysis 
The baseline Exploratory AC Model applies weighting to each of the indicator categories: 30, 15, 
15, 20 and 20% for socio-economic status, education, human health, infrastructure, and 
population demographics, respectively.  This valuation process is used to characterize the 
importance of each indicator category in a region’s total AC.  For instance, Ayacucho had low 
scores of regional AC score not only as a result of relatively low scores in each indicator 
category, but also because it scored particularly low in categories of socio-economic status and 
infrastructure, which carry the greatest weights (30 and 20% respectively). Weighting used in 
other reported AC and climate vulnerability indexes has often provided little flexibility for the 
user (e.g., [29, 58]). For example, in a cross-country study Vincent [29] provides preset 
weighting for all categories, as if the weighting for all the countries were the same and 
unchangeable.  Even though the Exploratory AC Model uses preset valuation, it allows the user 
to change the indicator weighting based on expert knowledge.   To this end, a sensitivity analysis 
was performed to determine the effect of weighting decisions on the ultimate results (Table 6). 
Table 6 – Sensitivity Analysis Results on Valuation  
  
AC Scores (ACi) % Difference w Original Results  
    Ayacucho Loreto Piura Ayacucho Loreto Piura 
  Original Results 0.78 0.89 0.95 - - - 
Weighting 
No weighting 0.81 0.91 0.97 3.29% 2.19% 1.73% 
Skewed weighting 50% 0.73 0.83 0.89 -6.45% -6.61% -6.63% 
Skewed weighting 60% 0.70 0.80 0.86 -9.69% -9.54% -9.41% 
As noted earlier, the sensitivity analysis on valuation consisted of skewing only one category: 
socio-economic status7.  Two scenarios were chosen to skew this category: skewed weights of 50 
                                                 
7 The only category that was given skewed valuation in the sensitivity analysis was socio-economic status.  In both 
skewed weighting scenarios (50% and 60%) the weight for the other four categories was estimated by subtracting 
the skewed valuation from 100% and dividing it over four: 12.5% for the first case (50% skewed socio-economic 
weighting) and 10.0% for the second case (60% skewed socio-economic weighting), respectively. 
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and 60%.  Table 6 shows that the second scenario (i.e. allocating 60% weighting to the socio-
economic status category) resulted in greater impact to the original results.  The first scenario 
resulted in decreased regional AC scores – between 6.45% to 6.63%; whereas the second 
scenario resulted in a decrease by 9.41% to 9.69%, depending on the region in question.   These 
results could be interpreted as important feedback for the decision-making process, which 
encourages participation from different stakeholder groups when conducting policy-making for 
adaptation purposes.   Even though the inclusion of stakeholders in the decision-making process 
is a challenge in itself due to inequity in opportunities, representation and access to resources 
[25], it is important to keep in mind the importance of stakeholder diversity for adaptation.  
Iterating the model with weights that accurately represent a region’s priorities can illustrate the 
impact from using different weighting.  This information can allow the users to make decisions 
that avoid generating artificially “heavy” categories and thus minimize skewed AC results. 
Table 6 shows that providing no valuation to the categories results in relatively small increases in 
the model’s output, especially for Ayacucho, which has the lowest AC of the regions.  Even 
though this increase is less than 5%, it might be important to further evaluate equal weighting in 
regions where AC is intuitively low.  This would minimize potential uncertainties, such as an 
artificially higher AC from equal weighting or a false decrease of AC from valuation 
Data quality is also a consideration when creating and applying the Exploratory AC Model since 
developing countries struggle with the collection, processing and use of statistics.  The model 
needs to be robust enough to handle data with different time ranges or even single data points, 
when that is the only source available.  The baseline Exploratory AC Model averages the 
available time series observations into a single value per metric (Table 4).    To evaluate the 
impact of using alternative data processing methods, the sensitivity analysis uses upper and 
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lower boundaries for the metric values of the Exploratory AC Model and estimates the impact 
generated on the regional AC, illustrated in Table 7. 
Table 7 - Sensitivity Analysis Results on Data Processing  
  
AC Scores (ACi) % Difference w Original Results  
    Ayacucho Loreto Piura Ayacucho Loreto Piura 
Original Results 0.78 0.89 0.95 - - - 
Data 
Quality 
Lower Boundary 0.66 0.77 0.80 -15.44% -13.49% -16.02% 
Higher Boundary 0.87 1.01 1.07 12.04% 13.10% 12.61% 
Even though the AC from the original results always fell within the AC ranges (e.g., Ayacucho’s 
original AC 0.78 fell within the range of 0.66 and 0.87, which was obtained from using lower 
and higher boundaries), the percent variability from using low or high boundary values in the 
Model resulted in high variability and significantly skewed AC scores.   For Ayacucho, Loreto 
and Piura using low boundary data points resulted in a decreased of AC by 15.44%, 13.49% and 
16.02% respectively.   On the other hand, using high boundary data resulted in increased AC by 
12.04%, 13.10% and 12.61%.   This variability illustrates the significant socio-economic and 
demographic changes that the regions had throughout the years and therefore it is more 
comprehensive to use a data point that incorporates such changes.  In addition, using low and 
high boundaries in the AC Model generates AC results that overlap across regions reflecting too 








Fig. 12 – Sensitivity Analysis of Data 
Quality – Using low and high boundaries 
in the Exploratory AC Model results in 
high variability and overlapping AC 
ranges across the regions. 
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5.2 Principal Components Analysis 
The use of PCA in social vulnerability to climate change is well established [98], [36], [103].  In 
these cases, a large amount of information was reduced before calculating vulnerability to 
environmental hazard indexes.  In the case of the Exploratory AC Model, a critical element is the 
challenge with information and resource limitation.  Therefore this AC Model is built with all the 
information available, and the PCA is used after the model is built, allowing the user to 
complement the model in two ways.  First, it confirms the validity of the indicator categories of 
the Exploratory AC Model; and second, it mathematically determines the most relevant indicator 
categories in the process of AC building, confirming the earlier characterization with the model 
output. 
Table 8, Table 9 and Table 10 illustrate the PCA results for Ayacucho, Loreto and Piura, 
including the resulting PCs, with their respective eigenvalues, proportional and cumulative 
allocated variance and a correlation matrix between the PCs and the evaluated indicator 
categories.  As noted in section 4.2, even though the PCA generates as many PCs as the number 
of variables (i.e. five in this case), only the first ones (Z1, Z2) are responsible for most of the 
variation occurred in the evaluated elements.   
The PCA results show that for all regions, only 2 of the generated PCs have eigenvalues greater 
than 18 (Z1 and Z2).  Ayacucho’s Z1 and Z2 have proportional variances of 54.1% and 25.4%, 
resulting in a cumulative variance of 79.5% (Table 8).    For the region of Loreto, the proportion 
of variance explained by Z1 and Z2 is 56.6% and 28.1%, resulting in a total of 84.7% of 
cumulative variance (Table 9).  Piura’s PCA results show the region’s Z1 and Z2 have 
proportional variance of 53.2% and 30.0%, and a cumulative variance of 83.2% (Table 10).   
                                                 
8 In principal component analysis only the principal components with eigenvalues greater than one are considered statistically 
significant. 
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Table 8: Ayacucho’s PCA Results.  Only the first two PCs – PC1 and PC2 have eigenvalues greater than 1, 
making m = 2.  Z1 and Z2 (equal to PC1 and PC2) have an account for 54.1 and 25.4 proportional variance 
and 79.5% of cumulative variance across all five-indicator categories. 
Eigenvalue    2.7052  1.2676  0.6533  0.3738  0.0001 
Proportion     0.541   0.254   0.131   0.075   0.000 
Cumulative     0.541   0.795   0.925   1.000   1.000 
 
Variable       PC1     PC2     PC3     PC4     PC5 
SOCIOECONOMIC           0.461   0.383  -0.515  -0.422  -0.445 
EDUCATION              -0.195  -0.702  -0.636   0.145  -0.208 
HUMAN HEALTH            0.350  -0.574   0.501  -0.479  -0.258 
INFRASTRUCTURE          0.584  -0.173  -0.240  -0.023   0.755 
POPULATION DEMS        -0.534   0.020  -0.146  -0.756   0.349 
Table 9: Loreto’s PCA Results Only the first two PCs – PC1 and PC2 have eigenvalues greater than 1, 
making m = 2.  Z1 and Z2 (equal to PC1 and PC2) have an account for 56.6% and 28.1% proportional 
variance and 84.7% of cumulative variance across all five-indicator categories. 
Eigenvalue    2.8287  1.4062  0.7129  0.0501  0.0021 
Proportion     0.566   0.281   0.143   0.010   0.000 
Cumulative     0.566   0.847   0.990   1.000   1.000 
 
Variable       PC1     PC2     PC3     PC4     PC5 
SOCIOECONOMIC          -0.577   0.022   0.210  -0.702   0.359 
EDUCATION        0.361  -0.586  -0.453  -0.175   0.539 
HUMAN HEALTH            0.107  -0.627   0.763   0.076  -0.088 
INFRASTRUCTURE         -0.435  -0.496  -0.408  -0.099  -0.624 
POPULATION DEMS         0.580   0.131   0.044  -0.679  -0.429 
Table 10: Piura’s PCA Results. Only the first two PCs – PC1 and PC2 have eigenvalues greater than 1, 
making m = 2.  Z1 and Z2 (equal to PC1 and PC2) have an account for 53.2% and 30.0% proportional 
variance and 83.2% of cumulative variance across the five indicator categories. 
Eigenvalue    2.6604  1.4987  0.7701  0.0707  0.0001 
Proportion     0.532   0.300   0.154   0.014   0.000 
Cumulative     0.532   0.832   0.986   1.000   1.000 
 
Variable       PC1     PC2     PC3     PC4     PC5 
SOCIOECONOMIC           0.571  -0.191  -0.312   0.219  -0.702 
EDUCATION             0.114  -0.725  -0.478  -0.099   0.471 
HUMAN HEALTH           -0.077   0.580  -0.788  -0.178   0.074 
INFRASTRUCTURE          0.582   0.122   0.216  -0.767   0.105 
POPULATION DEMS         0.563   0.293   0.082   0.567   0.518 
5.2.1 Validating the Exploratory AC Model indicator categories 
Validating the indicator categories of the Exploratory AC Model is needed to confirm that the 
initially selected indicator categories, which were chosen based on climate change vulnerability, 
social vulnerability to environmental hazards and risk assessment literature, were the relevant 
categorical groupings for the regions under study. This validation is accomplished by evaluating 
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the most mathematically dominant indicator categories in all the relevant PCs (i.e. the resulting 
Z1, Z2).  This high mathematic dominance is considered when the correlations have an absolute 
value greater than 0.35.  In all three regions, PCA results reveal that all indicator categories have 
strong correlation with at least one Zm. For Ayacucho, PC1 has strong correlations with 
socioeconomic status, human health, infrastructure, and population demographics; and PC2 has 
strong correlations with education, population demographics  (Table 8). Table 9 indicates that for 
Loreto, PC1 has strong correlations with socio-economic status, education, infrastructure and 
population demographics; and PC2 has strong correlation with education, human health and 
infrastructure.   Similarly, for Piura, PC1 has high correlation with socio-economic status, 
infrastructure and population demographic; whereas PC2 has high correlation with education and 
human health (Table 10).  These results confirm that for all regions, all five indicators show 
statistical significance with at least 79.5% cumulative variance and thus are statistically relevant 
in the Exploratory AC Model.  This result also means that there is no redundancy in the 
assessment of all five-indicator categories.   
5.2.2 Identifying dominant categories – A policy oriented consideration 
The second use of the PCA has more policy-oriented purposes.  Determining the dominant AC 
indicator categories provides input to policy makers for creating strategies for resource allocation 
and prioritization.   Even though the Exploratory AC Model is built to transparently identify 
social weaknesses across regions (Table 4, Table 5, Fig. 6 and Fig. 7), the PCA section adds a 
mathematical basis for selecting indicator categories with the greatest relevance for enhancing 
AC.   For practicality and reduction purposes, only the elements highly correlated with the PC1 
are selected to evaluate category dominance. Also, the sign of the coefficients in the PCA results 
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indicate the direction of the correlation between the indicator categories.  This direction provides 
information on the trends of the categories and their relationships with each other. 
5.3 Integrating Results  
As stated in section 4.3, integrating results requires two steps: First, identifying the categories 
that minimize the regions’ AC provided by the PCA results.  And second, selecting the indicators 
and metrics that minimize regions’ AC (generated by the Exploratory AC Model) for the 
categories selected in step one to generate clear recommendations.  Integrated results from this 
case study are summarized in Fig. 13, which includes the PCA results as well as the more 
detailed findings obtained in the Exploratory AC Model.   
  
Fig. 13 – Summary results for the AC Methodology including PCA Results and Exploratory AC Model.  The 
diagram illustrates the elements that negatively affect regional AC, including the categories, indicator and 
metrics. For Ayacucho, the slowly recovering economic recovery and high % of dependant population are 
negative factors for the region’s AC.  Loreto’s economic progress is contrasted with low education levels and 
high dependant population.  Finally, Piura’s high per capita GDP and infrastructural growth are negatively 
impacted by low levels of nutrition in the population and high levels of poverty.  
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Fig. 13 illustrates the elements that negatively affect regional AC.  The order or the regions 
illustrate the priority on the AC characterization and strengthening process: Ayacucho, on top, 
shows priority over the other two regions, which already have higher AC.  The following 
sections complement the aggregated results illustrated in Fig. 13 with region-specific results, 
contextualizing the findings with the socio-economic and demographic characteristics of the 
regions.  Policy alternatives are suggested to address the particular social challenges to AC for 
each region. 
Ayacucho 
Ayacucho’s PCA results (Table 8) show four mathematically dominant factors in the region’s 
AC: socio-economic status, human health, infrastructure and population demographics.  A highly 
positive correlation is found between the first three factors, which at the same time show 
negative correlation with population demographics.    Ayacucho’s slow but constant economic 
diversification and poverty reduction (Section 5.1.3) indicate that the region’s economic 
recovery (paired with human health and infrastructure) is directly correlated with the region’s 
AC.  And thus, population demographics is the factor inversely correlated with (i.e. potentially 
decreasing) Ayacucho’s AC.   
For population demographics, The Exploratory AC Model shows that Ayacucho scores 
significantly low in the “age groups” indicator in comparison to the other regions (close to 10%).  
On the other hand, migration, the other population metric, only shows a 3% in comparison to 
other regions (See Table 4, Table 5 and Section 5.1).  This indicates that out of the two 
population indicators, “age groups” should be addressed to increase Ayacucho’s AC.  Family 
planning strategies may minimize the large proportion of Ayacucho’s dependant population (the 
“age group” indicator metric).  Reducing dependant population has a direct impact on poverty 
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reduction, closely related to AC enhancement.  It is known that one of the largest economic 
burdens on poor families is the large number of children due to lack of family planning access 
[104].  Policy instruments to increase family planning consist of the implementation of tactics 
including exposing the community to cost-effective contraceptive methods, providing sexual 
education and educating on the importance of socio-economic benefits of these options [105].      
Even though the PCA indicates that socio-economic status is currently positively correlated with 
AC, the region’s slow economic progress may require an initial focus on socio-economic 
oriented indicators such as poverty reduction and economic capacity enhancement to address the 
basic needs of the population first and thus, increase the population’s AC.  Improving socio-
economic factors of the population is expected to result in enhanced human health and 
infrastructural status.  
Loreto 
Loreto PCA results (Table 9) indicate four mathematically dominant factors: education, 
population demographics, socio-economic status and infrastructure.   The first two have a 
positive correlation with each other and a negative correlation with the latter ones.  Loreto’s 
developing economy [82, 83] and infrastructure is expected to increase the region’s AC score by 
minimizing poverty and providing access to human health infrastructure and sanitation.  In 
contrast, education and population demographics are negatively correlated with (and potentially 
decreasing) the region’s AC.   
As noted in the Exploratory AC Model results for Loreto’s education attendance indicators are 
significantly low in comparison to the other regions (approximately 16% lower than Piura); 
whereas female literacy is higher across all three regions (See Table 5).   In all three educational 
levels, Loreto scores low, but particularly lower in the metric of high school and superior 
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education attendance (Table 4). As expected, indigenous communities want to continue with 
their culture without being absorbed in the Spanish-speaking culture [106].  Supporting 
multicultural educational programs is a way to provide a source of communication in case of 
disaster and alert while maintaining the group’s idea of education and lifestyle. This would allow 
a better inclusion of the indigenous leaders, maintaining the communication lines open, which 
until 1993 had been closed for many of these groups [102].    
In terms of population demographics, Loreto scores highest (with Piura) in migration, and its 
metric of percentage of native population.  On the other hand, Loreto’s “age group” metric 
scores second across the regions, indicating a source of negative impact to the region’s AC.  To 
minimize the percentage of non-dependant population, family planning instruments might be 
implemented, specifically in the context of transcultural education programs discussed above.    
Policy measures may encourage a continuous growth in both economic and infrastructural 
sectors, providing well-distributed access to resources and thus a good distribution of community 
and household level AC. 
Piura 
Piura’s PCA results (Table 10) show that infrastructure, population demographics and socio-
economic factors have highly positive correlation.  The region’s Exploratory AC Model results 
showed the continuously growing economy of the region, and emergent population access to ICT 
health centers and sanitation (Table 4 and Fig 8).  This indicates that these three categories are 
positively correlated to the region’ AC.  Still, the Exploratory AC Model results showed the high 
degree of poverty and malnutrition in its population (Table 4), which when contrasted with the 
region’s economic capacity, indicates severe levels of inequality.  Despite the region’s overall 
decline in poverty, the last ten years still showed 40-60 percent of the population living in 
 Rosa E. Mitsumasu Heredia – Master of Science Thesis  
  68 
poverty.  To minimize Piura’s inequality, it is important for governmental agencies to make 
policy instruments that encourage better distribution of resources across the population and 
include diverse stakeholders in decision-making processes. It is also important to apply 
instruments that help raise the population’s individual AC, such as the nutritional programs like 
well-known vaso de leche (glass of milk), which with support from the federal government, 
provides breakfast for children between 0-6 years of age and pregnant women. 
5.4 Policy Implications and Broader Impacts 
As noted earlier in the paper, the literature shows concerns on the need to bridge top-down 
approaches with bottom-up perspectives, especially during application of top-down generated 
policies at the lower levels [107].  A top-down perspective assumes that legislation and policies 
set explicit aims and objectives, providing a blueprint that is then directly translated into action 
“on the ground”. By contrast, a bottom-up approach recognizes the importance of a broad 
constituency in shaping the detailed content of policies as they interact with one another in 
congested policy spaces [108].    In addition, recent adaptation literature has noted the need to 
improve the alignment between goals of climate change and sustainability assessments and those 
of policy making [38, 109]. For instance, Dilling and Lemos note that while climate science 
knowledge is constantly developing, not all of it is usable for decision making: “Providing 
information that is ‘readily usable’ for decision making must therefore navigate and bridge any 
differences that might exist between what scientists might think is useful, and what is actually 
usable in practice. This entails establishing a shared vision of what knowledge is usable in a 
given decision process” [109].    
The AC methodology bridges top-down and bottom-up strategies with two steps: first, it uses 
similar criteria of evaluation to improve reproducibility and minimize highly customized 
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assessments that may elevate cost and time in the process; and second, it complements the 
previous output with region-specific need assessments for more customized policy-making.  For 
instance, the AC methodology shows that Ayacucho and Piura have poverty concerns but the 
roots of such poverty differ for each region: minimizing poverty for Ayacucho consists of 
encouraging economic growth whereas for Piura it requires the promotion of better resource 
distribution for equity purposes.    This information can then be used by the policy maker to 
further analyze regional AC characteristics, execute regionally specific examinations (i.e. cost 
benefit analysis) and implement AC strengthening policy instruments. 
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6. Weaknesses and limitations 
The AC Methodology has certain limitations that guide its practical implementation.  The main 
weakness of the Exploratory AC Model is data uncertainty.  Uncertainty is defined as the lack or 
incompleteness of information and depends on the quality, quantity, and relevance of data and on 
the reliability and relevance of models and assumptions [97]. In this method, there is a trade-off 
between completeness and flexibility in the use of information.  The data used consist of 23 
variables; each variable consists of aggregated data points across periods of 1 up to 15 years, 
depending on the metric used.   In addition, the data were obtained from surveys and census 
generated by a number of Peru’s national agencies and institutions (i.e. MINSA, INEI).  The 
construction of the surveys, the collection of the data, and the processing of the information is 
exposed to a degree of error.  Also, the large number of variables, the aggregation, and the 
potential data quality error could potentially result in a cumulative degree of uncertainty.   Even 
though the PCA section allows the user to statistically check the mathematical relevance of the 
indicator categories used, the data quality did not allow for further analysis including indicator 
and metric relevance.  This type of analysis would allow the user to test the significance of the 
metrics used in the tool and potentially eliminate any artificial variables that generate no 
contribution to the model and or to the region’s AC.  Despite this degree of uncertainty, the AC 
Model uses data processing steps (i.e. conversion, data averaging and detrending) to incorporate 
as much information available and optimize its use in the process of AC characterization.    
Another limitation of the methodology is its limited capacity to systematically merge the 
particular regional climatic challenges.  According to the IPCC, vulnerability to climate change, 
or the ability of a system to be affected by climate change, is estimated by characterizing three 
elements of a system: AC, exposure and sensitivity. Exposure relates to a system’s exposure to 
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climate change events, whereas sensitivity refers to the effects of climatic stimuli on the system 
[8].  For instance, two coastal areas might be equally exposed to flooding, but if the one of the 
areas has a greater number of inhabitants, the sensitivity is greater.   The AC Methodology 
focuses on AC and does not incorporate the latter two elements.  Although the model allows for 
later customization and bridging with more specific regional adaptation challenges, it does not 
account for prior knowledge of which regions have greatest existing needs for climate policy.  
Generating a methodology that characterizes climate change vulnerability at the regional level 
for domestic policy-making requires a structure consisting of three sections: exposure, sensitivity 
and AC.  The first section would consist of a set of metrics to determine regional exposure to 
climate change effects to focus on the exposed regions, and avoid working on those geographical 
areas that face no changes in climate.  Exposure metrics might include (historical data on) 
changes in ambient and sea level temperature, humidity, and frequency of earthquakes and 
precipitation.   After the exposed regions are selected these would go through a sensitivity 
screening to determine those regions with greater sensitivity to climate change.  Sensitivy 
metrics might include (the measure of) biodiversity, economic diversity, and population.   The 
Exploratory AC Model would then be incorporated at this point, characterizing critical AC 
elements only for those regions with greater sensitivity and exposure to climate change.  By 
including these latter elements first, the policy makers can focus on regions and populations that 
have greater vulnerability to climate change instead of equally trying to increase AC across the 
country.  This more complex model would be more complete in terms of climate change 
challenges and more effective in the allocation of budget and resources. 
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7. Assessing Climate Change Challenges and Adaptation – Extending on AC 
Characterization 
In addition to characterizing regional AC, it is important for policy makers to understand the 
regional climatic challenges to support further adaptation strategies.  Each natural system has 
different climatic changes depending on its climate characteristics, exposure and geographical 
location.  Similarly, each type of climatic change will affect each social system in a different 
way.  The policy maker should be able to characterize regional impacts and identify practical 
strategies for adaptation.  The following paragraphs discuss the climatic challenges for the 
regions studied in this thesis and their impacts onto the social system, and propose adaptation 
strategies to address them (Table 11). 




Climate Change Impacts 
Adaptation Strategies 




Farming and human health 
Economic Diversification 
Frost & Hale 
In agriculture: mulching, crop 
rotation and organic matter 
management 
Glacier Retreat Access to water for human consumption Water Management 
  Loreto Shift in Biodiversity Patterns Fishing and agricultural  
Resilience driven biodiversity 
management  
  Piura 
  
Increased sea level 
temperatures and  Fishing and farming activities  
Resilience based resource 
consumption. 
Increased precipitation 
and flooding Infrastructure and human health  Emergency and health planning 
Ayacucho’s most prominent climatic effects include earthquakes, drought, glacier retreat, frost 
and hail, which are intensified and increased in frequency by climate change.  Of all the effects, 
drought has the greatest impact on the socio-economic system because it affects a large 
percentage of the population, disturbing health and economic activities, particularly for the 
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already underprivileged rural population [96]. Rapid glacier retreat has been noted across the 
entire Andes mountain range [10, 11].  In Ayacucho, this impact has resulted in a decrease of 
water resources for human consumption and increased social anxiety and conflict between the 
population and the water management companies [96].  Frost and hail affect the populations in 
the high plateau, resulting in radical changes in temperature, impacts to human and livestock 
health (mainly respiratory diseases), and damage to the community’s economy, since farming is 
the most important economic activity among the rural population (ibid.).  Moving away from 
agriculture, fishing and hunting to activities that are less dependent on natural resources would 
allow the population to cope better with climatic changes, particularly those that may reduce 
farming yield.  Ayacucho has already started to diversify its economy, moving towards less 
natural-resource oriented activities such as mining and construction. Alternative farming 
technologies to battle frost and drought include techniques like mulching, crop rotation and 
organic matter management [110-112].  In terms of glacier retreat and potable water availability, 
an improvement of socio-economic resources will allow for implementing water management 
strategies[113].   
It is important to note that executing the recommended strategies requires the knowledge, 
leadership, and resources to teach and communicate the strategy to the extended farming 
community of rural Ayacucho.  Unfortunately, studies on the region show infrastructural, 
institutional and governmental challenges to address existing environmental hazards.  Some of 
these challenges include weak communication networks and poor institutional coordination for 
preventive measures [96].  Implementation of successful economic adaptation measures requires 
that communication, leadership and institutional structure need to be strengthened through 
coordination with experts and NGOs currently supporting farming innovation [56]. 
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In Loreto, the main impacts of climate change are increased temperatures and impact on the 
water cycle resulting in drought and decreased levels of the Amazon river [89].  The impact of 
climate variability on the region’s biodiversity has resulted in patterns in ecological structure and 
animal reproduction, which in turn have impacted hunting, fishing and agricultural activities – 
the region’s most important economic sectors [82, 83].  Managing biodiversity problems is a new 
challenge in the areas of conservation, but the most successful strategy is implementing 
resilience-oriented strategies that integrate social and ecological aspects of the problem [114] and 
emphasize the importance of conservation, flexibility and appropriate frequency and magnitude 
of resource extraction (ibid).  For agricultural and fishing programs, biodiversity management is 
possible through implementation of resource monitoring and management, which requires 
continuous observation of the flora and fauna from the local experts [115].  
According to MINSA, precipitations in the coast and drought in the mountainous region of Piura 
have resulted in a number of socio-economic impacts to fishing, agriculture, health and 
infrastructure [90].   A change in marine biodiversity, as a result of eutrophication and increased 
surface sea temperatures of the region, affected the fishing sector, including artisan and 
industrialized activities.  According to Peru’s Council of Science and Technology [116], the 
local fishermen’s weak capacity to adapt and take advantage of these oceanographic changes is 
the main source of climatic vulnerability in this sector.   In the case of agriculture, climatic 
stimuli studies [117] show that increased frequency of precipitation, flooding and drought events 
negatively affect farming by minimizing crop yield and intensifying plagues and plant diseases.  
In terms of human health, the increased frequency of precipitation, flooding and disturbance of 
biodiversity results in malaria and dengue fever; the collapse of basic sanitary services results in 
cholera; and the increase in temperature results in dermatological and respiratory problems 
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[118].  The effects of climate change on the region’s infrastructure were mainly on households, 
many which were built with weak structures, especially in poorer areas.  Destruction of bridges 
and flooding in many communities takes place.  Many of these infrastructural losses were 
documented during "El Niño" phenomenon occurrence in 1997-1998 [90].   
Implementing resilience-based approaches that include flexibility and monitoring on the changes 
in the ecosystem seem to be the most prominent adaptation strategies for the regions in this case 
study.   In addition, campaigns for preventive action such as minimizing exposure to the source 
of contamination (e.g., dirty water) are the most successful measures to minimize impacts on 
human health.  Understanding the interaction between microclimatic changes and local 
communities complements the AC Methodology by allowing policy makers to increase a 
regional AC and implement further, more customized adaptation strategies.   Evaluating the 
climatic challenges and the effect on populations might be an iterative process, as adaption to 
climate change is an evolving process that requires learning and flexibility. 
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8. Conclusions and Extensions 
The goal of this thesis was to develop a methodology applicable for domestic policy-making to 
increase sub-national AC, while acknowledging and incorporating the informational limitations 
of a country by using available statistics to determine the elements that strengthen and weaken 
the regional AC.   The resulting work, referred to as the Exploratory AC Methodology was built 
with two specific objectives: first, to determine a nation’s relative AC across regions to prioritize 
aid and second, to provide comprehensive information on the most critical factors that influence 
regional AC in order to generate effective policy instruments that properly allocate budget and 
resources.  To achieve these objectives, the methodology consists of two sections: a model that 
uses available input statistics to rank regional AC within a country and a PCA that confirms the 
validity of the indicator categories used in the model and identifies those factors that 
mathematically dominate the regional AC scores.  The model includes five indicator categories, 
and a total of thirteen indicators and twenty-three metrics.  To illustrate the formulation and 
application of the methodology, a case study was performed on Peru and three of its regions: 
Ayacucho, Loreto and Piura.   
The AC Model used normalization to contextualize regional development in terms of national 
averages.  The results show that there is not much difference across regional characteristics in 
most metrics.  Internet access seems to be a growing element for all three regions.  Piura shows 
the greatest amount of superior regional characteristics with eight normalized metric values 
greater than one, followed by Ayacucho and Loreto.  On the other hand, access to cellular phone 
and telephone, sufficient calorie intake, superior education, female participation in the economy 
and per capita GDP show values less than the national average for all 3 regions, creating a group 
of elements that affect AC interregionally.   
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The model uses two approaches to characterize AC: static and dynamic.  The static approach 
aggregated data to provide one AC score and thus prioritize the regions for AC building.  The 
dynamic perspective characterized AC through time to provide the more detailed, annual 
information to the policy makers.  The static results show that Piura has the greatest AC, 
followed by Loreto and Ayacucho with AC scores of 0.95, 0.89 and 0.78, respectively.  This sets 
Ayacucho as priority in the AC building process. The dynamic approach confirms the static 
results – Ayacucho has the lowest AC, followed by Loreto and Piura.  The dynamic results show 
that even though Ayacucho has a lower AC currently, the region’s socio-economic systems is 
improving, and in some cases (year 2006) showing even faster recovery that the other regions.   
The PCA section confirmed the validity of all five-indicator categories for all three regions with 
statistical confidence of 79.5%, 84.7% and 83.2%, respectively.  The PCA also identified the 
factors that cause the most affect on the region’s calculated AC score.  These results generated 
the following conclusions:  Ayacucho’s main struggles involved economic and demographic 
challenges.  Even though the region is recovering and diversifying its economy, much is left to 
do to increase its GDP and minimize poverty.  For Loreto, the main challenges are education and 
demographics.  The culturally diverse population and its exposure to a homogenous education 
system result in low levels of school attendance and literacy.  Incorporating transcultural 
educational programs and family planning strategies might strengthen the AC of this region.  In 
Piura the strong economic capacity and access to infrastructure is contrasted with high poverty 
and nutritional levels.  This results in high levels of inequality, which minimizes individual AC.  
Reducing inequality might be achieved through the implementation of nutritional programs and 
policy instruments that generate employment and minimize poverty.    
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The AC Methodology has limitations that relate to data uncertainty. The model is built to be 
flexible to data quality (e.g., data with different number of observations) and also relies on 
statistics generated by surveys by the INEI, which might be exposed to a degree of human error.  
To manage these challenges, the Exploratory AC Model uses data processing steps (i.e. 
conversion, data averaging and detrending) to incorporate as much information available and 
optimize its use in the process of AC characterization. 
Understanding region-specific climatic challenges is critical for adaptation measures and can 
take AC building to the next level.  For the regions in this case study, much of the climatic 
fluctuation impacted natural resource-based economies.  These impacts might be minimized by 
implementing resilience-based strategies.  In addition, preventive health campaigns might help 
minimize exposure to diseases and climate effects on human health. 
Future work might extend this AC methodology by integrating regional climate modeling to 
create a comprehensive sub-national socio-climatic study and a better understanding of climate 
vulnerability as a function of climate exposure and AC.  Understanding a region’s climate 
change over time and its capacity to adapt will minimize the negative impacts of climate 
variability by targeting those regions with greater climate fluctuations and prioritizing aid and 
policy instruments for those in most need.   
 
 




[1] A. Ripley. (2005, Hurricane Katrina: How the Coast Guard Gets it Right. Available: 
http://www.time.com/time/magazine/article/0,9171,1122007-1,00.html 
[2] O. Guerin. (2010, Dec 1st, 2010). '2.5m people affected' by Pakistan floods officials say. 
Available: http://www.bbc.co.uk/news/world-south-asia-10834414 
[3] Red Cross, "Red Cross: 3M Haitians Affected by Earthquake," in World, C. News, Ed., 
ed, 2010. 
[4] J. Guyler Delva, "Quake-hit Haiti battles cholera epidemic, 150 dead," in Thomson 
Reuters, ed, 2010. 
[5] ReliefWeb. (2010, 2010). Haiti: Cholera Outbreak - Oct 10. Available: 
http://www.reliefweb.int/rw/dbc.nsf/doc108?OpenForm&rc=2&emid=EP-2010-000210-
HTI 
[6] M. L. Parry, Climate Change 2007: impacts, adaptation and vulnerability: contribution 
of Working Group II to the fourth assessment report of the Intergovernmental Panel on 
Climate Change: Cambridge Univ Pr, 2007. 
[7] S. Solomon, Climate Change 2007: the physical science basis: contribution of Working 
Group I to the Fourth Assessment Report of the Intergovernmental Panel on Climate 
Change: Cambridge Univ Pr, 2007. 
[8] I. Burton, B. Challenger, S. Huq, R. Klein, and G. Yohe, "Chapter 18: Adaptation to 
Climate Change in the Context of Sustainable Development and Equity," IPCC Working 
Group II contribution to the Fourth Assessment Report, Cambridge University Press: 
Cambridge, 2007. 
[9] W. Adger, S. Huq, K. Brown, D. Conway, and M. Hulme, "Adaptation to climate change 
in the developing world," Progress in Development Studies, vol. 3, p. 179, 2003. 
[10] UNFCCC, "Climate Change: Impacts, Vulnerabilities and Adaptation in Developing 
Countries," Bonn, Germany2007. 
[11] G. Magrin, et al., "Latin America. Climate Change 2007: Impacts, Adaptation and 
Vulnerability.  Contribution of Working Group II to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change," Cambridge, UK2007. 
 Rosa E. Mitsumasu Heredia – Master of Science Thesis  
 
 80 
[12] J. McCarthy, Climate change 2001: impacts, adaptation, and vulnerability: contribution 
of Working Group II to the third assessment report of the Intergovernmental Panel on 
Climate Change: Cambridge Univ Pr, 2001. 
[13] IPCC, Climate Change. Cambridge and New York: Cambridge University Press, 2007. 
[14] J. Morton, "The impact of climate change on smallholder and subsistence agriculture," 
Proceedings of the National Academy of Sciences, vol. 104, p. 19680, 2007. 
[15] C. Holling, "Resilience and stability of ecological systems," Annual review of ecology 
and systematics, vol. 4, pp. 1-23, 1973. 
[16] C. Holling, "Understanding the complexity of economic, ecological, and social systems," 
Ecosystems, vol. 4, pp. 390-405, 2001. 
[17] W. Adger, "Social and ecological resilience: are they related?," Progress in Human 
Geography, vol. 24, p. 347, 2000. 
[18] B. Smit and J. Wandel, "Adaptation, adaptive capacity and vulnerability," Global 
Environmental Change, vol. 16, pp. 282-292, 2006. 
[19] G. C. Gallopín, "Linkages between vulnerability, resilience, and adaptive capacity," 
Global Environmental Change, vol. 16, pp. 293-303, 2006. 
[20] B. Hopwood, M. Mellor, and G. O'Brien, "Sustainable development: mapping different 
approaches," Sustainable Development, vol. 13, pp. 38-52, 2005. 
[21] B. Smith, I. Burton, R. Klein, and J. Wandel, "An anatomy of adaptation to climate 
change and variability," Climatic change, vol. 45, pp. 223-251, 2000. 
[22] N. Adger, "Social vulnerability to climate change and extremes in coastal Vietnam," 
World Development, vol. 27, pp. 249-269, 1999. 
[23] K. O Brien and R. Leichenko, "Climate change, equity and human security," ERDE-
BERLIN-, vol. 137, p. 165, 2006. 
[24] K. O'Brien, et al., "Mapping vulnerability to multiple stressors: climate change and 
globalization in India," Global Environmental Change Part A, vol. 14, pp. 303-313, 
2004. 
[25] W. Neil Adger, N. Arnell, and E. Tompkins, "Successful adaptation to climate change 
across scales," Global Environmental Change Part A, vol. 15, pp. 77-86, 2005. 
 Rosa E. Mitsumasu Heredia – Master of Science Thesis  
 
 81 
[26] C. Pahl-Wostl, "A conceptual framework for analysing adaptive capacity and multi-level 
learning processes in resource governance regimes," Global Environmental Change, vol. 
19, pp. 354-365, 2009. 
[27] B. Haddad, "Ranking the adaptive capacity of nations to climate change when socio-
political goals are explicit," Global Environmental Change Part A, vol. 15, pp. 165-176, 
2005. 
[28] H. Eakin and M. C. Lemos, "Adaptation and the state: Latin America and the challenge 
of capacity-building under globalization," Global Environmental Change, vol. 16, pp. 7-
18, 2006. 
[29] K. Vincent, "Creating an index of social vulnerability to climate change for Africa," 
Tyndall Center for Climate Change Research. Working Paper, vol. 56, p. 41, 2004. 
[30] W. Adger, N. Brooks, M. Kelly, G. Bentham, M. Agnew, and S. Eriksen, "New 
indicators of vulnerability and adaptive capacity," Centre for Climate Research, vol. 5, 
2004. 
[31] D. Swanson-IISD and H. Venema–IISD, "Indicators of Adaptive Capacity to Climate 
Change for Agriculture in the Prairie Region of Canada," 2007. 
[32] R. Moss, A. Brenkert, and E. Malone, "Vulnerability to climate change: a quantitative 
approach," Prepared for the US Department of Energy. Available online: http://www. 
globalchange. umd. edu/cgi-bin/Details. pl, 2002. 
[33] A. Brenkert and E. Malone, "Modeling vulnerability and resilience to climate change: a 
case study of India and Indian States," Climatic Change, vol. 72, pp. 57-102, 2005. 
[34] P. Sivell, S. Reeves, L. Baldachin, and T. Brightman, "Climate Change Resilience 
Indicators," Client Report for South East England Regional Assembly, 2008. 
[35] N. Brooks, W. Neil Adger, and P. Mick Kelly, "The determinants of vulnerability and 
adaptive capacity at the national level and the implications for adaptation," Global 
Environmental Change Part A, vol. 15, pp. 151-163, 2005. 
[36] S. Cutter, B. Boruff, and W. Shirley, "Social Vulnerability to Environmental Hazards*," 
Social Science Quarterly, vol. 84, pp. 242-261, 2003. 
[37] N. Brooks, "Vulnerability, risk and adaptation: A conceptual framework," Tyndall Centre 
for Climate Change Research Working Paper, vol. 38, 2003. 
 Rosa E. Mitsumasu Heredia – Master of Science Thesis  
 
 82 
[38] J. Hinkel, ""Indicators of vulnerability and adaptive capacity": Towards a clarification of 
the science-policy interface," Global Environmental Change, vol. In Press, Corrected 
Proof. 
[39] R. Nelson, P. Kokic, S. Crimp, H. Meinke, and S. M. Howden, "The vulnerability of 
Australian rural communities to climate variability and change: Part I--Conceptualising 
and measuring vulnerability," Environmental Science & Policy, vol. 13, pp. 8-17, 2010. 
[40] R. Nelson, et al., "The vulnerability of Australian rural communities to climate variability 
and change: Part II--Integrating impacts with adaptive capacity," Environmental Science 
& Policy, vol. 13, pp. 18-27, 2010. 
[41] A. F. Simões, D. C. Kligerman, E. L. L. Rovere, M. R. Maroun, M. Barata, and M. 
Obermaier, "Enhancing adaptive capacity to climate change: The case of smallholder 
farmers in the Brazilian semi-arid region," Environmental Science & Policy, vol. 13, pp. 
801-808, 2010. 
[42] G. Yohe and R. S. J. Tol, "Indicators for social and economic coping capacity--moving 
toward a working definition of adaptive capacity," Global Environmental Change, vol. 
12, pp. 25-40, 2002. 
[43] R. S. J. Tol and G. W. Yohe, "The weakest link hypothesis for adaptive capacity: An 
empirical test," Global Environmental Change, vol. 17, pp. 218-227, 2007. 
[44] J. Posey, "The determinants of vulnerability and adaptive capacity at the municipal level: 
Evidence from floodplain management programs in the United States," Global 
Environmental Change, vol. 19, pp. 482-493, 2009. 
[45] N. L. Engle and M. C. Lemos, "Unpacking governance: Building adaptive capacity to 
climate change of river basins in Brazil," Global Environmental Change, vol. 20, pp. 4-
13, 2010. 
[46] J. Gupta, et al., "The Adaptive Capacity Wheel: a method to assess the inherent 
characteristics of institutions to enable the adaptive capacity of society," Environmental 
Science & Policy, vol. 13, pp. 459-471, 2010. 
[47] R. E. KASPERSON and J. X. KASPERSON, "The Social Amplification and Attenuation 
of Risk," The ANNALS of the American Academy of Political and Social Science, vol. 
545, pp. 95-105, May 1, 1996 1996. 
 Rosa E. Mitsumasu Heredia – Master of Science Thesis  
 
 83 
[48] P. Freeman and H. Kunreuther, "Environmental risk management for developing 
countries," The Geneva Papers, vol. 27, pp. 196-214, 2002. 
[49] H. Kunreuther, "Mitigating disaster losses through insurance," Journal of risk and 
Uncertainty, vol. 12, pp. 171-187, 1996. 
[50] T. Grothmann and A. Patt, "Adaptive capacity and human cognition: The process of 
individual adaptation to climate change," Global Environmental Change Part A, vol. 15, 
pp. 199-213, 2005. 
[51] E. Frank, H. Eakin, and D. López-Carr, "Social identity, perception and motivation in 
adaptation to climate risk in the coffee sector of Chiapas, Mexico," Global 
Environmental Change, vol. In Press, Corrected Proof. 
[52] H. Eakin, A. M. Lerner, and F. Murtinho, "Adaptive capacity in evolving peri-urban 
spaces: Responses to flood risk in the Upper Lerma River Valley, Mexico," Global 
Environmental Change, vol. 20, pp. 14-22, 2010. 
[53] S. Lonergan, K. Gustavson, and M. Harrower, "Mapping human insecurity," 
Environmental Change, Adaptation, and Security, p. 397–413. 
[54] S. Eriksen and P. Kelly, "Developing Credible Vulnerability Indicators for Climate 
Adaptation Policy Assessment," Mitigation and Adaptation Strategies for Global 
Change, vol. 12, pp. 495-524, 2007. 
[55] J. Barnett, S. Lambert, and I. Fry, "The hazards of indicators: insights from the 
environmental vulnerability index," Annals of the Association of American Geographers, 
vol. 98, pp. 102-119, 2008. 
[56] C. M. Tucker, H. Eakin, and E. J. Castellanos, "Perceptions of risk and adaptation: 
Coffee producers, market shocks, and extreme weather in Central America and Mexico," 
Global Environmental Change, vol. 20, pp. 23-32, 2010. 
[57] K. O'Brien and R. Leichenko, "Double exposure: assessing the impacts of climate change 
within the context of economic globalization," Global Environmental Change, Part A: 
Human and Policy Dimensions, vol. 10, pp. 221-232, 2000. 
[58] K. Vincent, "Uncertainty in adaptive capacity and the importance of scale," Global 
Environmental Change, vol. 17, pp. 12-24, 2007. 
[59] C. Avgerou, "Information systems in developing countries: a critical research review," 
Journal of information Technology, vol. 23, pp. 133-146, 2008. 
 Rosa E. Mitsumasu Heredia – Master of Science Thesis  
 
 84 
[60] S. Krishna and G. Walsham, "Implementing public information systems in developing 
countries: Learning from a success story," Information Technology for Development, vol. 
11, pp. 123-140, 2005. 
[61] R. Heeks, "Information systems and developing countries: Failure, success, and local 
improvisations," The Information Society, vol. 18, pp. 101-112, 2002. 
[62] G. Walsham and S. Sahay, "Research on information systems in developing countries: 
Current landscape and future prospects," Information Technology for Development, vol. 
12, pp. 7-24, 2006. 
[63] S. Dessai and M. Hulme, "Does climate adaptation policy need probabilities," Climate 
Policy, vol. 4, pp. 107-128, 2004. 
[64] T. E. Downing, M. Watts, and H. Bhole, "Climate change and food insecurity: towards a 
sociology and geography of vulnerability," Climate change and world food security, p. 
182–206, 1996. 
[65] G. Gallopín, "Environmental and sustainability indicators and the concept of situational 
indicators. A systems approach," Environmental Modeling and Assessment, vol. 1, pp. 
101-117, 1996. 
[66] International Labour Organization, "Resolutions Concerning Economically Active 
Population, Employment, Unemployment and Underemployment," in 13th International 
Conference of Labour Statisticians, 1982. 
[67] S. Cutter, "The forgotten casualties: women, children, and environmental change," 
Global environmental change, vol. 5, pp. 181-194, 1995. 
[68] A. G. Patt, A. Dazé, and P. Suarez, "Gender and climate change vulnerability: what's the 
problem, what's the solution?," in Distributional Impacts of Climate Change and 
Disasters - Concepts and Cases, ed Cheltenham, UK: Edward Elgar Publishing Limited, 
2009, pp. 82-102. 
[69] INEI, "Informe Tecnico: La Pobreza en el Peru en el ano 2007," 2008. 
[70] S. Cutter, J. Mitchell, and M. Scott, "Revealing the vulnerability of people and places: A 
case study of Georgetown County, South Carolina," Annals of the Association of 
American Geographers, vol. 90, pp. 713-737, 2000. 
[71] P. Blaikie, I. D. Cannon, and B. Wisner, At Risk: Natural Hazards, People's 
Vulnerability, and Disaster. London: Routledge. 
 Rosa E. Mitsumasu Heredia – Master of Science Thesis  
 
 85 
[72] B. Morrow, "Identifying and mapping community vulnerability," Disasters, vol. 23, pp. 
1-18, 1999. 
[73] E. a. t. E. Heinz Center for Science, The Hidden Costs of Coastan Hazards: Implications 
for Risk Assessment and Mitigation. Covello, CA: Island Press, 2000. 
[74] B. Ki-Moon, "Children and the Millennium Development Goals," Progress Towards a 
World Fit for Children UNICEF, New York, 2007. 
[75] G. Webb, K. Tierney, and J. Dahlhamer, "Businesses and disasters: Empirical patterns 
and unanswered questions," 1999. 
[76] MINSA, "Normas tecnicas para el mantenimiento y conservacion de la infraestructura 
fisica de los establecimientos de salud del primer nivel de atencion," 1997. 
[77] S. Arbona and S. Crum. (1996, The Geographer's Craft Project.  
[78] R. Labelle, R. Rodschat, and T. Vetter, "ICTs for e-Environment–Guidelines for 
Developing Countries, with a Focus on Climate Change," International 
Telecommunication Union, Geneva, Switzerland, 2008. 
[79] J. Grant, The state of the world's children: Oxford University Press, USA, 1993. 
[80] D. W. Pennington, et al., "Life cycle assessment Part 2: Current impact assessment 
practice," Environment International, vol. 30, pp. 721-739, 2004. 
[81] G. A. Norris, "The requirement for congruence in normalization," The International 
Journal of Life Cycle Assessment, vol. 6, pp. 85-88, 2001. 
[82] INEI, "Cuentas Nacionales de Peru - Producto Bruto Interno por Departamentos 2001 -
2008 (Peru's National Accounts - GDP per Regions 2001 -2008)," 2009. 
[83] INEI, "Producto Bruto Interno por Departamentos 2009 (GDP per Regions - 2009)," 
2010. 
[84] INEI, "PERU: Estimaciones y Proyecciones de Poblacion Urbana y Rural por Sexo y 
Edades Quinquenales, Segun Departamento 2000-2015.  Boletin Especial N19," ed. 
Lima, Peru, 2009. 
[85] I. Jolliffe, Principal Component Analysis: John Wiley & Sons, Ltd, 2005. 
[86] I. Joliffe and B. Morgan, "Principal component analysis and exploratory factor analysis," 
Statistical Methods in Medical Research, vol. 1, pp. 69-95, March 1, 1992 1992. 
 Rosa E. Mitsumasu Heredia – Master of Science Thesis  
 
 86 
[87] N. O'Rourke, L. Hatcher, and E. J. Stepansk, A step-by-step approach to using SAS for univariate & 
multivariate statistics Second Edition ed. Cary, North Carolina 27513: SAS Institute and John 
Wiley & Sons, 2005. 
[88] E. Fokoue, "Principal Component Analysis," Conversation with Ernest Fokoue, Ph.D. 
regarding the data requirements of Principal Component Analysis. ed. Rochester, NY, 
2011. 
[89] MINSA, "Cambio climatico en el Peru: Amazonia," 2010. 
[90] MINSA, "Cambio Climatico en el Peru: Costa Norte," Fundacion M.J. Bustamante de la 
Fuente, Ed., ed, 2010. 
[91] Center Intelligence Agency. Jan 21st). The World Factbook - Peru. Available: 
https://www.cia.gov/library/publications/the-world-factbook/geos/pe.html 
[92] B. Cahoon and WorldStatement.org, "Regions of Peru," ed, 2003. 
[93] MINCETUR. (2007, Jan 19th). Region - Ayacucho. Available: 
www.mincetur.gob.pe/newweb/portals/0/AYACUCHO.pdf 
[94] MINCETUR. (2007, Region - Loreto. Available: 
www.mincetur.gob.pe/newweb/portals/0/LORETO.pdf 
[95] MINCETUR. January 19th). Region - Piura. Available: 
www.mincetur.gob.pe/newweb/portals/0/PIURA.pdf 
[96] Comite Regional de Defensa Civil: Ayacucho, "Plan Regional de Prevencion y Atencion 
de Desastres," ed, 2006. 
[97] National Research Council, Committee on Improving Risk Analysis Approaches, J. V. 
Rodricks, J. I. Levy, L. Zeise, and T. A. Burke, Science and Decisions: Advancing Risk 
Assessment, 2009. 
[98] H. Bloomberg, "Changing social vulnerability to environmental hazards of South Dakota 
census tracts in 1990 and 2000," SOUTH DAKOTA STATE UNIVERSITY, 2009. 
[99] J. Mawdsley, D. Ojima, and R. O'Malley, "Strategies for Managing the Effects of Climate 
Change on Wildlife and Ecosystems," The John Heinz III Center for Science, Economics 
and The Environment, Washington, DC2008. 
[100] USGS, "2006 Geological Survey," United States Geological Survey,United States 
Department of the Interior2009. 
 Rosa E. Mitsumasu Heredia – Master of Science Thesis  
 
 87 
[101] J. Escobedo Rivera, "Despoblación y despoblamiento en áreas de violencia polí-
tica.  Perú: 1980-2000," in Ponencia presentada en el I Congreso de la Asociación 
Latinoamericana de Población, Brasil, 2004. 
[102] Gobierno Regional de Loreto, "Informe Economico y Social: Region Loreto," in 
Encuentro Economico, Lima, Peru, 2009. 
[103] N. Wood, C. Burton, and S. Cutter, "Community variations in social vulnerability to 
Cascadia-related tsunamis in the U.S. Pacific Northwest," Natural Hazards, vol. 52, pp. 
369-389, 2010. 
[104] A. A. Campbell, "The Role of Family Planning in the Reduction of Poverty," Journal of 
Marriage and Family, vol. 30, pp. 236-245, 1968. 
[105] Global Health Council. (2011, January). Women's Health. Available: 
http://www.globalhealth.org/womens_health/interventions/#1 
[106] AIDESEP, "Declaración de las Naciones Unidas sobre los derechos de los pueblos 
indígenas ", ed. 
[107] K. Urwin and A. Jordan, "Does public policy support or undermine climate change 
adaptation? Exploring policy interplay across different scales of governance," Global 
Environmental Change, vol. 18, pp. 180-191, 2008. 
[108] R. F. Elmore, "Backward Mapping: Implementation Research and Policy Decisions," 
Political Science Quarterly, vol. 94, pp. 601-616, 1979. 
[109] L. Dilling and M. C. Lemos, "Creating usable science: Opportunities and constraints for 
climate knowledge use and their implications for science policy," Global Environmental 
Change, vol. In Press, Corrected Proof. 
[110] R. Fowler and J. Rockstrom, "Conservation tillage for sustainable agriculture: An 
agrarian revolution gathers momentum in Africa," Soil and Tillage Research, vol. 61, pp. 
93-108, 2001. 
[111] D. Pimentel, P. Hepperly, J. Hanson, D. Douds, and R. Seidel, "Environmental, energetic, 
and economic comparisons of organic and conventional farming systems," BioScience, 
vol. 55, pp. 573-582, 2005. 
[112] P. Sullivan, "Drought Resistant Soil," Fayetteville (AR): Appropriate Technology 
Transfer for Rural Areas.(22 April 2005, 2002. 
 Rosa E. Mitsumasu Heredia – Master of Science Thesis  
 
 88 
[113] N. Arnell, et al., "Hydrology and water resources," Climate Change 2001: Impacts, 
Adaptation, and Vulnerability., pp. 191-234, 2001. 
[114] N. E. Heller and E. S. Zavaleta, "Biodiversity management in the face of climate change: 
A review of 22 years of recommendations," Biological Conservation, vol. 142, pp. 14-32, 
2009. 
[115] F. Berkes, J. Colding, and C. Folke, "Rediscovery of Traditional Ecological Knowledge 
as Adaptive Management," Ecological Applications, vol. 10, pp. 1251-1262, 2000. 
[116] CONCYTEC, "Evaluacion de la vulnerabilidad y adaptacion marina y pesquera a los 
efectos del cambio climatico en la  cuenca de Piura.," 2005. 
[117] PROCLIM, "Evaluacion de la vulnerabilidad fisica natural futura y medidas de 
adaptacion en areas de interes en la cuenca del rio Piura," Instituto Nacional de Recursos 
Naturales (INRENA), Ed., ed, 2004. 
[118] CONAM, "Primera Comunicacion Nacional del Peru a la Convencion de Naciones 
Unidas sobre Cambio Climatico," ed, 2001, pp. 86-98. 
 
 
 
